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1. INTRODUCTION

In PART ONE of the OIL-RPM report the equations of motion were derived

from first principles and discussed from a fundamental point of view. PART

TWO then described the difference equations, the equation of state, the

constitutive equations and the differencing scheme for velocity gradients

used in formulating the FORTRAN IV program. Here, in PART THRE, the com-

puter program is listed in detail and the general information necessary to

set up and run problems is provided. A dictionary of terms used in the

program is also included, as well as a number of tables and charts des-

cribing the program in outline form. Forms for setting up a sample problem

are also given. This information provides the user withl a capability to

run his own problems and, in addition, the intent is to descrift the code

in enough detail that any changes the user may require can be readily made.

The program is the result of contributions by quite a number of people

whose names are cited in the references. Briefly, the techniques described

here originated from the PIC particle-in-cell method developed at Los Alamos

by Evans and Harlow(l) and programmed in machine language. The code was

rewritten in FORTRAN and modified for application in the ORION program by

Johnson(2) and the General Atomic version was called SHELL. At the

suggestion of B. E. Freeman a continuous version was developed by Walsh

and Jolrnson(3) for tne solution of hypervelocity impact problems and called

OIL. It made ui.e of the equation of state prograe.aed by Tillotsor(4). To

develop OIL, the particles were replaced by a continuously varying mass in

each cell. The capability to run multi-material problems could not be con-

veniently retained (the particles in PIC could be of different materials).

However, the cost of running problems Vas significantly reduced and the

flow profiles were substantially smoother, making it practical to run impact

and explosion problems out to a time when the shock pressure was down to a

few kilobars. The lowest pressure that could be resolved with PIC was

several hundred kilobars.

In order to compute crater size from an impact directly, the shear

-'" strength of the cratered material had to be accounted for. The necessary

changes to OIL were made in an experimental way by Johnson, Walsh, and

Dienes•in 1965. This modified version of OIL was called OJI-RPM.(5)
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Subsequently, when 1t had betn shown that crater size could be cal-

culated with satist'actnry accuracy, the program was streamlined by the

authors so it could be used in produ-tion rui'-, and additional editing

t features were incorpo-ated. The current version has been used in cal-

culating over 50 different problems arA the results have generally com-

pared wel! with experiments. analytical solutions and other hydrodynamic

codes.
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2. DESCRIPTION OF THE PROGRAM

The equations of motion are integrated in Phases 1, 2 and 3 which

account for the effect of pressure, transport, and shear stresses res-

pectively. In addition to these subroutines, ten others have been intro-

duced for the various peripheral tasks. These include INPUT, SETUP, CARDS,

CDT (computes time step), EDIT, MAP (provides displays), ES (equation of

state), RFZONE and ERROR. "RPM" is used to denote both the routine con-

trolling the main flow and the entire prog.:am; the choice is generc-.ly

made clear by the context-. A smary of the subroutirns is given in

Table 1 in the order in which they appear in the listing providled in

Section 6. Included in the table are the names of the subroutines calling

and called by each of the others. A few general comments are made in the

paragraphs below on each of the subroutines.

2.1. RPM.

The overall flow of the program is controlled by 1PM, as shown in the

flow chE-t of Fig. 1. RPM controls whether additional information is

printed at intermediate phases of tae calculation cycle for diagnostic

purposes and debugging. The variable "INTER" controls these intermediate

prints. When INTER - 0, no intermediate prints are made. When INTER j 0

EDIT is called and on print cycles EDIT prints are made after Pai and PH3

as well as a&ter CDT. DetaiLs of the Phase 2 calculation are obta.ined in

addition to the EDIT prints )y putting INTER = 7, which causes printing of

the energy and mass t.ansporced as each cell is processed. For debugging

of Phase 3 difficulties one puts INTER - 99 and thereby obtains detailed

prints of stresses, strain rates and a few other parameters. These options

should be used 'ith extreme caution since an intermediate print uses con-

siderable paper.

2.2. INPUT

instructions for running problems are interpreted by INPUT, which can

either start or restart a calculation. It calls SETUP and CARDS, as neces-

;ary, to prescribe the initial conditions and to read the input deck, A

flow chart showing the relation of INPUT, CARDS, and SETUP is provided in

Fig. 2.
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TABLE 1

ORDER OF PJBROU1TINE8

Name Called From Calls

RPM INPUT, CDT, EDIT

PHI, PH2, FE3

INPiU -RPM SETUP, CARDS

CARDS INPUT, SETUP --

SETUP INPUT CARDS, ERROR

C DT RPM, EDIT ES, ERR(P

ES CDT--

"EDIT RPM, ERROR MAP, RFZONE,
ERROR, CDT

MAP EDIT --

PH. RPM --

PH3 RPM

PH2 RPM ERROR

REZONE EDIT

ERROR SETUP, CDT EDIT
EDIT, PH2
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""L•UfW OF 'EM CONTROL SUBROWfINE 'TRPM"

iNPur SETUP
Starts problems from restart ---- Provides initial conditions
dump tape or calls SETUP. for impact or explosion

I7I problems.

Determines DT for the
next cycle. Calls ES. I Reads input deck.

EDIT ES

Makes prints and tape dumps . Equation of State P(I,p).Cal- I
I and calls MAP at regular in- culates pressure in each cell.

tervw !.. Checks energy con-
servation. Calls REZONE if LREZONE
REZ = 1. (See PHASE 2) -

Enlarges grid and cell dimen-

PHASE 1 sions. Lumps 4 old cells
into 1 new one. Adds cells at

Calculates new velocity top and right of grid.
and internal energy due to
pressure gradient. ifITE MAP

S•Prints displays of velocity,
; I pressure, density and

i, 7 or 99. internal energy contours.

PHASE 3 IERROR
When CYCPH3 >0, calculates Called by SETUP,
effect of shear stresses. C E
(CYLcPH3 = number of sub- Ci, EDIT or PH2
cycles in PH3.) in case of error.

FCall EDIT if INTER
- 1, 7 or 99.

PHASE 2

Calculates new values of
mass, velocity and internal Called by RPM
energy resulting from trans- in main sequence
port of mass. Triggers
REZONE (sets REZ = 1.) if -Called by a
flux out grid is > V72 subroutine

Fig. l--Klow chart of main sequence
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FLOW DIAGRAM OF INPUT, CARDS AND SETUP

SUBROUTINE INPUT SUBROUTINE CARDS SBROUTINE SETUP

READID HADIG CAL RAD lt DTA CRDI. COMPUTE DX.OY ARRAYS
f, %RD CARDf ONLY, SINCE IT HAS A I 2. COMPUTE *CELL' BOUNDARIES

"I" IN COLUMN ONE OF TARGET AND PROJECTILE

I 3. INITIALIZE AMX , U, V, AIX
AND P ARRAYS

RETUR 4. OMPUTE. TAU ARRAY;
RE S~ET ET14 O; DEFINE PXOY air

(YES) AWRESTARTY

REA DRITE CARDS AR ASUN TAEP
ND ALL TO ND NCLLMIIGS DEFINEAMPROXPERTIST IACJP

CARDS ~ ig 21ESCN AACL NSHR

CAR WTHA '* 6



.2.3. CARDS

The reading of the input deck is called by this simple subroutine.

Details are given in Fig. 2.

2.4. SETUP

The initial conditions for running problems are genezrated by SETUP.

The most commoniy used options are those in which a sphere or a cylinder

(c&lled the pro4gctile) hits a target of finite thickr'ss. The target of

infinite thickness is an important special case. Another option is a

geometry in which a sphere hits a thin plate (called the projectile) which

has a filler behind it (typically void or of underdense "foamy" material)

and then hits A second thin plate behind the filler. Further details are

given in Section 3 describing how to set up various problems.

In an earlier report(3) describing the OIL code a description and

"'ORTRAN listing of a special generator code, CIAM, was given. This program

provides a very general method for specifying initial conditions and for

setting up OIL-RPM problems. A few changes in CLAM are required to make

the write statements for the CLUM dump tape compatible with the READ state-

ments in OIL-RPM,

2.5.cu

The principal function of this subroutine is to compute a time step

which ensures stability of the finite difference equations. This is done

by finding the minimum of D/w for all the cells. Here D denotes the mini-

mum of the radial and axial cell dimensions, and w denotes the maximum of

the radial velocity, axial velocity and sound speed. For vaporized material

sound speed is computed by - and for solid materials by the approxi-

mate relation C = C0 + B rp where p is the pressure in the cell. The co--

efficient B is obtained by determining a typical slope for the isentropes

in Ref. 4 and using the relation

C - V !-dp/dV

to evaluate I -at a particular point. The press-are ax-ray is u--ate-i in CIDT

* • by caling the equation of state subroutine ES.

7



The array JPM(I) which determines the location of the pressure maxi-

mum and hence the cells on which deviator stresses act is also computed in

CDI.

Unrealistic behavior in free surface cells containing a small amount

of mass would occur, in the absence of a special treatment, when a neigh-

boring cell has a high pressure. This causes large accelerations of the

rass in the cell containing a free surface, and eventually velocities which

are physically unrealistic. This difficulty is alleviated by reducing the

pressure computed by the equation of state by a factor which is the ratio

of the smallest mass in an adjacent cell to the mass in the cell itself.

This factor reduces the pressure at the interface to a value which accounts

for "he position of the free surface.

2.6. Es

The equation of state subrouti:-:ý is called by CDT to evaluate the

pressure as a function of density and internal energy. The general method

"was originally described in Ref. 4, but a nuwmber of modiftcations have been

made since that report was written. A general discussion is given in

Section 4 of PART TWO. Values of the parameters for a number of materials

are listed in Table 2. Parameters for some materaals not given in Ref. 4

are supplied in Refs 6 and 7.

2.7. F!,i!

The pressure, velocities, density, specific internal energy, and mass

for each cell are displayed by EDIT in a "long" print. It also prints out

the total iaternal energy, kinetic energy, axial and radial momentum and

mass above and below a dividing line which is the top of the cell whose J

index is JPROJ. The changes in energy due to evaporation and losses out

the boundaries are also accounted for in the EDIT prints. The crater depth

is calculated by "packirg down" material in each colulnn to its normal

density. This describes in a rough way the extent of the crrtcr even while

it still contains low density material.

"Short" EDIT prints display tb'ý integrated quantities, and the cell

variables for the one co 1 .•a of cells that is adjacent to the axis. These
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short prints require only a few pages of printing, and hence are normally

called for at more frequent intervals than the "long" prints,

Tracer points are positioned at the center of every other cell in

SETUP, and the positions of these points are updated in PH2. The current

position of each tracer point is printed in both the long and the shori

prints, providing the basis for a Lagrangian description of the flow. nhe

positions are written on the restart dump tape and can be used by plo'.

routines to make a plot of material deformation.

2.8. MAP

This sburoutine is called by EDIT and displays the properties of each

cell in the active grid using an alphabetic scale. One obtains contour

maps of the density, pressure, radial and axial velocities, and internal

energy in the active grid.

2.9. PU.

The effect of the pressure gradient in updating the velocities and

the internal energy is computed here. The calculation method is described

in detail in Section 3.2 of PART TWO.

2.10. P13

The deviator stresses acting on each cell edge and the hoop stress

are determined in PHI3 and the resulting velocity and energy increments are

computed. Details are given in Section 5 of PART TWO. If CYCPH3 is -1,

Phase 3 is bypassed and the effect of strength is not accounted for in the

calculation. in this case the code is "hydrodynamic" in the classical sense.

2._11. P.-2

Mass transport and the associated flux of momentum and energy are

accounted for in PH2. The tracer points are also moved with velocities

obtained by a simple weighting scheme.

2.12. REZONE

The masses of four cells are lumped into one in this subroutine. The

-R4, DX, DY, X, Y, and TAU arrays are adjusted accordingly. Momentum and

total energy are conserve.&, thereby converting acme kinetic energy into

10



internal in a process loosely called "thermalizing." Every other tracer

point is deleted in rezone, and new tracer points are placed in the added

cells, retaining constant the total number of tracer points.

2.13. ERROR

This subroutine, which is called in the case of certain error condi-

tions tested on by the code, prints a message identifying the error condi-

tions, calls EDIT for a long print and tape dump, and then calls EXIT.

2.14. TAPE DUMPS

Each OIL-RPM tape dump consists of eight or nine records depending on

whether tracer points are used. (See list below.) The first record con-

tains three words: 555.0, the value of CYCLE at the time of the dump, and

the value of N3 (N3 = 1 when tracer points are used; otherwise, N3 - 0).

The last record also contains three words: 666.0, 666.0, 666.0. However,

before each dump after cycle 0, TAPE 7 is backspaced one record and this

last record is written over. Therefore, this last record remains only on

the last dump of a run and in that case is followed by an end of file mark.

On cycle 0, after all input cards but the last have been read and the

properties of all cells have been defined, SETUP does a tape dump. There-

after, all tape dumps are made by EDIT at set intervals defined by NDUMPT.

However, when NODUMP # 0. all tape dumps after cycle 0 are suppressed.

This makes it possible to restart a problem from a dump tape without writing

on the dump tape which is sometimes useful in special studies.

Record Number Description

1 555.0, CYCLE, N3

2 Z(I), I = 1, MZT

3 u(I), v(I), AMx(I), ADX(I),
P(I), I - 1, M4A"'%

4 x(o),(x(I), TAU(I), JPM(I),
I - 1. nIYx)

5 Y(I), I = 0, JMAX
6 ((XP(I,J), YP(IJ) I I , ii),

J = I, jJ)

7 DX(I), I- 1, IAX
8 DY(I), I - 1, JMAX

9 66.0, 666.0, 666.0

11



3. SET-UP OF PROBLEMS

Most calculations performed with the OIL-RPM code involve either a

sphere or a cylinder hitting a target. Since the cylinder (which is called

a "projectile" in the code) can be stationary, the set-up can also provide

for a •?here hitting a two-layer target with or without filling material

between the layers, as sketched in the diagram below.

The geometries described by the code are limited by the following

requirements:

1. The Y-axis of the "sphere" must be on the Y-axis of the grid,

i.e. the code cannot setup problems involving toroids.

2. The center of the sphere must coincide with a cell boundary.

(Note: the center can be at the origin of the grild.)

-3. The edge of the sphere should be contiguous with the projectile

or target.

h. The projectile package is assumed to be below the target

package.

5. The filler material can b- placed only between the projectile

package and the target package and extends out to the right

boundary of the grid.

6. The right and top boundaries of the grid are transmittive,

although the bottom boundary can be either reflective or

transmittive.

Target

7,7 Filler\ density of material is RHOFIL

Projectile

Sphere

12
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The input cards for setting up an OIL-RPM problem define (i) the

"dimensions of the grid as well as the packages (sphere, projectile, and

target); (2) the properties of the packages (density, velocity, and specificU internal energy); (3) the physical constants used in the equation of state

and yield-strength calculation; (4) the calculational constants used in

defining various cutoffs and flags; (5) the frequency of printing and of

writing on the restart tape; and (6) the time or cycle at which to stop

execution.

Most of the input variables are equivalenced to an element in the

Z-array, the first array in Blank Common. The variables, therefore, are

identified on the input cards by their location in Blank Common (i.e., in

the Z-array). The list that follows gives the variable name associated

with each input number, its location in Blank Comnon, and a brief descrip-

tion of its function in the code.

Following this list will be a discussion of the format awl order of

the input cards, and the RPM Setup Sheets illustrating the input for a

typical impact problem.

3.1. DEFINITION OF RPM INPUT VARIABLES

3.1.1. Identification

Variable Location in
Name Blank Common Definition

PK(l) 151 The problem number can be any number with at

most 2 places to the left and at most 4 to

the right of the decimal point. (Range:

00.001 to 99.9999)

PROB 1 The problem number is repeated if this is a

new problem just being set up. (It is not

repeated for restarts from tape. See "RPM

Input for Restert.")

13
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3.1.2. Dimensions

Variable Location in
Name Blank Common Definition

MhAX 33 The number of columns in the calculational

mesh. IMAX - 50 for the standard version.

Unless IMAX = 1 for 1-D problem, IMAX must

be even in order to rezone the grid.

JYAX 35 The number of rows in the calculational mesh.

In the standard version JMAX - 100, and IMAX

times JMAX S 2500. JMAX must be even to

rezone the grid.

Il 47 The right-most column to be calculated in-

itially. It should be two columns beyond

the last column with non-zero energy

(kinetic or internal). (Ii - IMAX)

12 48 The top row to be calculated initially. It

should be two rows above the last column with

non-zero energy. (12 ! JMAX)

Il and 12 define the "active grid." Il and 12

are automatically adjusted as the problem runs.

DXM 136 The value of all the DXs if DX is constant.

DYF 137 The value of all the DY's if DY is constant.

X(1) 269 The number of cors. from the axis to the right

side of column i. The x-array is included in

the input deck only if the radial dimension

of the cells varies.

Y(J) 166 The number of cms. from the bottom of the

grid to the top of row J. The Y-array is

included in the input deck only if the axial

dimension of the cells varies.

14



3.1.3. ProjectileI ~Variable Location in
Name Blank Common Definition

PRYBOT 67 The number of cms. from the bottom of th- grid

to the bottor of the projectile.

PRYTOP 68 The number of cms. from the bottom of the grid

to the top of the projectile.

PRXRT 69 The number of cms. from the axis to the right

of the projectile.

VINI 112 Initial axial velocity of the projectile.

PROJTU 73 initial radial velocity of the projectile.

PROJI 16 Initial specific internal energy of the

projectile.

RHINI lll Initial density of the projectile.

3.1.4. Target

Variable Location in
Name Blank Common Definition

TAYBOT 88 The number of cms. between the bottom of the

grid and the bottom of the target.

TAYTOP 89 The number of cms. between the bottom of the

grid and the top of the target.

TAXRT 107 The number of cms. between the axis and the

right of the target.

TARGV 52 Initial axial velocity of the target.

TARGI 72 Initial specific internal energy of the

target.

RRINIT 15 Initial density of the target.

15



3-1-5- Sphere

Variable Location ]r
Name T"' ank Com-D)n I.,efinition

RADIUS 162 The radius (in cms.) of the sphere.

YC&NTR 163 The number of cms. from the bottom of the

grid to the center of the sphere. (Note: The

center of the sphere must be on a cell

boundary and on the axis of the grid.)

VINSPH 102 Initial axial velocity of the ephere.

SIESPH 101 Initial specific internal energy of the

sphere.

RHOSPH 100 Initial density of the sphere.

RHOOU.r 103 Initial density of material in the outside

part of a cell cut by the sphere boundary.

3.1-6- Filler

Va r i ab le Location in
,ýame Blank Cornon Definition

RHOTFIL 51 Initial density of material between pro-

jectile and target.

3.1-7. PhyF-ical Constants

Variable Location in
Name Blank .'ommon Definition

AVJ)M 21 The lowest compression of material considered

solid." If p/po -ý AMDM,, and material is cold

kspecific internal ener&v < ES') stresses

and pressure are zero.

CZERO(YO) 42 Parameters used in yield-strength equation:

STKl(Y 1) li Y = (ýo + YlP + Y2ý12) - (1 - E/Eo) where

STK2(Y 2_18 P = P/Po - 1, and E = specific internal
2) energy*

S-LZ-Z(Eo) 29 Hovever,,(l) If Y < 0, stresses are set to 0.
(2) If E > Eo$ then Y - 0.

16



Variable Location in
Name Blank Common Definition

BBAR 149 A constant used to approximate sound speed for

the calculation of DT. C = CO + B P(K)

where C.

RHOZ 115 The normal density of the material. This
value is used in the equation of state, the

calculations of PMIN and C0, the strength

calculations, and the "slaving" process.

SESA(a) 116 Gruneisen ratio at high energy,

i ~ .5.

ESEZ(zo) 117 A constant in Gruneisen ratio.

ESB(b) 118 A constant in Gruneisen ratio.

ESCAPA(A) 119 Bulk mod4us.

ESESP(ES') 120 Heat to vaporize material;

must be larger than ESES. Eqati of
State con-

ESESQ(ESQ) 121- Used to test whether material stants, See

is "cold;" usually identical Ref. 4 or
Section 4,

to ESESP. PART TWO

ESES(ES) 122 Heat to bring material to
vapor temperature; must be

smaller than ESESP.

ESALPN(ar) 123 Usually 5.

ESBETA(5) 124 Usually 5.

ESCAPB(B) 125 Usually of the same order as A.

3.1.8, Calculational Constants

Variable Location in
Name Blank Common Definition

RHOMIN 138 The smallest density a cell can have and still

influence the calculation of DT. (Usually

RHCMIN - MOZ * l"3.)

17'



Variable Location In
Name Blank Common Definition

DKN 24 The allowable relative error in the energy

sum. The error is the difference of the

current totrl energy of all the cells and
thc totaJ. energy computed on cycle zero but

adjusted for energy "evaporated" and lost
across boundaries. The relative error is

the difference divided by the total energy.

If it exceeds DMIN, ERROR is called and the

calculation is terminated.

DTMIN 144 The minimum value of DT (after STAB = FINAL)

for the calculation to contin•. DTMIN may

be zero.

EVAP 75 This variable controls the "evaporation" of

mass. If p < EVAP * RHINI, the cell mass is

evaporated. The mass, energy and momentum

of evaporated cells are accumulated in PH2

and printed in EDIT. (Usually EVAP = 10-.)

ROEPS llO The "round-off epsilon" x-ed in setting to

zero certain calculated differences which

could be due simply to machine r.'.md-off.

(Usually ROEPS = 10-5 or 1076. )

STAB 139 The stability fraction used in determining DT.

The input value of STAB is its initial vaJue.

If FINAL > 0., STAB is doubled on each cycle

until it equals FINAL. However, if FINAL - 0.,

the initial value of STAB is used throughout

the run. STAB is usually :C l-3, but when all

the energy is initially internal, setting

STAB - 10- is recommended.
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Variable Location in
Name Blank Common Definition

FINAL 113 FINAL is used ih determining DT. If FINAL is

" > 0., then it is the largest value the stabil-

ity frection (STAB) -rill have. If FINAL

= 0., the stability fraction will have the

same value for each cycle. (FINAL is usually

.4.)

jSTR 25 JSTR (J strength) gives the value of 12

(active grid, J direction) at which stress

calculations (PH3) are turned on and tensions

are allowed.

N6 56 N6 specifies the J index of the cell behind

which tensions (negative pressures) are to

be allowed. If N6 = 0., tensions are allowed

everywhere.

CYCPH3 70 CYCPH3 = -1. if no stress calculation is

wanted. Otherwise, it is the number of sub-

cycles of PH3 per time step. (Usually about 4.)

NUMEZ 12 The maximum number of times the grid will be

rezoned.

NMPMWX 85 The maximum number of tracer points to be

used.

Y2 81 Y2 = -2. if trecer points are to be calculated.

Y2 = 0. if no tracer points are to be calculated.

REZFCT 71 REZFCT = 1. if rezones are allowed.

REZFCT = 0. if rezozes are not allowed.

SS4 130 SS4 = 1. if a rezone is to be forced on the

second cycle of a run. (Often used co test

the setup of problems to be rezoned.)
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Variable Location in
Name Blank Common Definition

SN 65 SN = 0., if negative specific internal energy

is to be set to zero.

SN = 1., if negative specific internal energy

is to be left along.

CVIS 27 CVIS = C., if the bottom boundary of the grid

is to be reflective.

CVIS = -1., if the bottom boundary of the

grid is to be transmittive.

INTER 87 INTER = 0., gives no intermediate prints.

INTER = 1., gives MDIT prints after PHI and

PH3, as well as CDT.

INTER = 7., gives, in addition to the extra

EDIT prints, details of PH2 calculations.

INTER = 99., gives, in addition to the extra

EDIT prints, details of PH3 stress and strain

rates.

CAUTION: INTER = 7., or = 99., gives many

pages of output.

IVARDX 83 IVARDX = 0., if DX is constant and the X array

is to be calculated from the value of DXF.

IVARDX = 1., if DX varies and the X array is

included in the input deck.

IVAPDY 54 IVARDY = 0., if DY is to be constant and the

Y array is to be calculated fran the value

of DYF.

IVARDY = 1., if DY 'aries end the Y array is

included in the input deck.
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3.1.9. Output

• Vari&ble Location in
Name Blank Common Definition

JMROJ 147 JPROJ is usually assigned the value of J at

the top of the projectile. In EDIT, JPPOJ is

used as the zero in calculating the crater

depth and is the division for the printout of

total energy, mass and momentum.

PRDELT 45 The number of seconds between EDIT prints
when printing on time. Otherwise 0.

IPCYCL 49 The numxber of cycles between EDIT prints

when printing on cycles. Otherwise 0.

PRLIM 44 PRLIM is the time or cycle at which the EDIT

print interval is to be increased. PRLIM is

multiplied by PRFACT each time the print

interval is adjusted.

PRFACT 46 The factor by which the print interval

increased. PRDELT (or IPCYCL) and PRLIM are

multiplied by PRFACT when T = PRLIM.

Ntk4SCA 43 NIMSCA is the number of times the code will

increase Lhe interval time (or number of

cycles) between EDIT prints.

NFRELP 5 NFRELP indicates the frequency of "long" EDIT

prints. (A "long" print gives the velocities,

pressure, mass, energy, density, and compres-

sion of all cells in the active grid; the
"short" print gives this information only for

the cells in the first column of the active

grid.) A "long" print will occur every NFRELP

short prints.

1
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Variable Location in
Na e Blank Common Definition

NDUMP7 NDUMP7 indicates the frequency of "tape dumps,"

where most of Blank Common is written on an out-

put tape. A tape dump will occur every NDTP7

EDIT prints. These "tape dumps' are used for

restarting problems and for making automatic

plots of tracer points.

NODUMP 96 NODUMP = 1. allows the user to pick up a run

at some intermediate point on the restart

tape without writing over the subseqaent

dumps on that tape.

3.1.10. Stopping

Variable Location in
Name Blank Common Definition

ICSTOP 7 The cycle for execution to stop when stopping

on cycles.

TSTOP 50 The value of T for execution to stop when

stopping on time rather than cycles. NOTE:

This card, because of its "1" in column one,

must always be included in the initial input

deck. If stopping on cycles set to zero.

Z(150) 150 Dummy end card. Used in the RPM input deck

for setting u problems. (Do not include this

card in an input deck when restarting a

problem.)

3.2. FORMAT AND ORDER OF OIL-RPM INPUT CARDS

Except for the ID header card, all RPM input cards have the same format

and are normally punched on 7-word &6ta cards.

The RPM setup sheets provide the information to be punched in Col. 1,

Cols. 2-6, and Col. 7 for each input variable. The values of the variables

are punched in the seven 9-space fields in Cols. 8-70. These values must
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be punched with a decimal point even when they define integer variables.

If the E-format is used, the exponent must be right-adjusted in the field.

Only those variables which occur in consecutive order in Blank Common can

be punched on the same card.

Cols. 17-
Co1. 1 Cols. 2-6 Col. 7 Cols. 8-16 25 etc.

Punch "1" on N Number of Z(N) Z(N+l)
first and last Location in variables Value of Value of
two cards of deck. Blank Conmon being variable variable
(See Setup Sheet.) of variable defined on equi- equivalenced
Punch "2" on all defined in this card. valenced to Z(N+l).
cards defining Cols. 8-16. to Z(N).
integer variables.
Otherwise no punch.

For a normal setup deck, the only data cards which must be in a

specific order are those listed on the Setup Sheet with a 'l" in column

one, and they must be the first and the last two cards in the deck.

3-3. OIL-RPM INPUT FOR "SPECIAL SETUPS"

The properties (density, velocity, internal energy) of each cell are

defineC. by the subroutine SETUP according to the input parameters associated

with the sphere, cylinder, filler and target (e.g., SIESPH, VINI, RHOFIL,

TARGV). The RPM "special setup" allows the user to assign a special mass

knot density), velocity or internal energy to specific cells in the grid.

To assign special properties to a specific cell the user must do the

following:

1. Fine the I and J of the cell, then compute its K-index.

(K = (J - 1)* IYAX + I + 1).

2. Find the location in Blank Common of AMX(K), U(K), V(K), and

AIX(K), whichever is being specifically defined. (See Table 3,

page 26, "Location of Arrays in Blank Common.")

3. Using the format of the other RPM input cards, punch a card with

the location and value for each property being assigned.

Precede these input cards by a flag card which has a "1" in column

one and which sets Z(164) = PK(14) = 1. (See Figure 2, page " Flow

Diagrams of INPUT, CARDS and SETUP.") Place the special input cards in the
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RPM input deck just before the card that defines ICSTOP(Z(7)). The flag

card (PO(14) = 1.) must be the second card with a "1" in the column one in

the input deck.

EXAMPLE: Suppose one column of cells in the target next to the axis

is to be empty. The target is to range from J - 5 to J - 8,

and IYAS = 10. (NOTE: This problem requires special input

because RPM places all packages next to the axis of the grid.)

AXIS

TARGET
EMPTIED I ---

CELLS
,j,5

-PROJECTILE '

ZMAX 3 10

l. Compute the K-index of the empty cells.

1 1, J = 5, K = 4*10 + 1 + 1-- 42

i =, J= 6 K = 52

1= 1, J= 7 K= 62

1= 1, J= 8 K= 72

2. Find the location in Blank Common of members of the ANX array

which store the masses of these cells. Table 3 indicates that 482 is the

location of AMX (1) in Blank Common.
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71b-

a Variable Name Location in Blank Common

AMX(42) 523

ANX(52) 533

Amx(62) 543

AMX(72) 553

3. The input deck would be organized as follows:

Description Col. Col. Col. Col.
of card 1 2-6 7 8-16

ID CARD IMPACT

PK(1) 1 151 1 3.2

Z(1)=PROB blank 1 3.2

NODUMP 2 96 1 0.

Pic(14) 1 164 1 1.

AMx(42) blank 523 1 0.

AMX(52/ blank 533 1 0.

AMX(62) blank 543 1 0.

A.lX (72) blank 553 1 0.

ICSTOP 2 7 1 0.

TSTOP 1 .0 1 1. -o6

Duchy End 1 150 1 0.
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TABLE 3

LOCATION OF ARRAYS IN BLANK Ca024ON*

Name of Array Location of First Member of Array

z 1

PK 151

YY Note: YY(1) = Y(O) 166

XX Note: XX(i) = X(O) 270

DDX Note: DDX(1) = DX(O) 324

DDY Note: DDY(1) = DY(O) 378

A, 482

AIX 2984

U 5486

v 7988

P 104g90

TAU 12992

JPM 13044

UL 13096

PL 13300

XP 13504

YP 14830

CMXP 16156

CMYP 16161

* These location numbers should not be used if the dimension of any

array in Blank Common is changed.
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4. SAMPLE PROBLEM

The impact of an aluminum sphere on a target of like material was

* described in an earlier report, (8) and the setup of the problem will be

described in this sectio- as an example. The sphere diameter was .4763 cms

(3/16 in.), and its velocity was 7.35 km/sec. The zoning was chosen so

that the sphere radius contained exactly 6 cells, the free surface of the

target was 16 zones above the bottom of the grid, and the cells were square.

it was found that after 16 microseconds the velocities were down to a value

where the subsequent material motion would be negligible. The grid was

rezoned twice during the computation. About two hours of computer time and

about 450 cycles were required to complete the problem.

Details of the setup are given by the OIL-RPM Setup Sheets which list

the appropriate values for the input parameters and describe the format of

the data cards. Also, the main section of the printed output are illus-

trated and briefly discussed in addition to the control cards for the

UNIVAX 1108.

i2
l1

:1
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4.1. OIL-RPM Output

The pages of OIL-RPM output which follow were produced by the sample

proble", "Standard Crater," described above. The printed headings make most

of the listing self-explanatory. Sections needing further description are

numbered in the listing and discussed below.

1. The first few pages of the output for a setup run* display the

input deck and describe the initial conditions of the problem.

(Each time the CARDS routine is called "INPUT CARDS" is printed.)

2. Whnen a sphere is placed, SETUP assures that the value of YCENTR is

on a c -l boundary and prints the input and adjusted values of

YCENTR.

3. On every cycle subroutine CDT prints the value of T, the time, and

DT, the time step. The integers following "CDT" in the printout

are the I and J of the cell cbntrolling the time step. MAXCUV

represents the maximum sound speed or velocity in the active grid.

Likewise, M.AXUV represents the maximum velocity. UMIN and WIN

are velocity and pressure cutoffs, respectively, used in MAP and

PH2.

4. The first page printed by EDIT gives the total energies, mass and

momenta of the cells above the JBOJ row and of the cells below

and in the JPROJ row. (JPROJ-is an input parameter, usually the J

of the top row of the projectile package.)

5. On each cycle EDIT calculates the relative error in the total

energy sum. On print cycles EDIT prints the maxim,.u error cal-

culated and the number of the cycle in which the ma".imum error

occurred.

6. The total work done due to stresses calculated in PH3 is printed

under "PIASTIC-WORK."

7. Also printed is a running total of the mass, energy,and axial id

radial momentum lost when material crosses a transmittive bo' Adary

or is "evaporated" in PH2.

*For a restart run only the input deck is printed.
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S8. The "J OF PRESSURE MAXIMU14" describes the shock front by giving

the location of the peak pressure in each column.

9. The tr4cer point coordinates are printed in centimeter units. The

I and J of the cell in which a tracer point originated is e'so

printed. This enables the user to follow the movement of a given

tracer point. However, if the mass of a cell is "evaporated" the

coordinates of the tracer points in that cell are set to zero and

thereafter are not printed out.

10. The range of values assigned to the symbols on the contour maps

are adjusted as the calculation proceeds. Therefore, a given

syuoln' in the compression map, for instance, does not represent

the same compression from one print to the next. A negative

pressure, velocity, or internal energy is denoted by a symbol

representing its absolute value and preceded by a minus sign.

ll. The crater depth is measured from JPROJ. After a crater is formed,

the negative values for the crater depth will describe the crater's

"lip". The volume of the crater i s printed along with the volume

of a hemisphere of radius equal to the crater': depth in column

one.

12. The J-index, radial velocity, axial velocity, pressure, mass,

density, specific internal energy, ccmpression. and distance (in

cms.) from the bottor. of the grid are printed for hon-empty cells.

The "Long" EDIT print lists these propere.es for ev.yt column of

the active grid, whereas the "short" EDIT print describes the non-

empty cells in column one only.

13. Several error conditicns are tested for during executioa, and when

one is detected, subroutine ERROR is called. ERROR in turn

identifies the error test, prints the entire Z-array, and calls

EDIT to do a long print and tape dump before stopping.
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.'EJMO1 ý LXAIT -SEE STAfFMEoiT NUSIOER 65 IN CDT

j ~ = lo K=7u5

4-u LUCKr

MEAL FuR IAI INTc.GtLR FORMAT

I. 013/6bjO2U 1783i95bh2o
2 -.lOouju+u1 -174ý81195770
3 *Uououu u
4 .uotJQUO u
b *obouQo-3is
6 *ý0u0uu-,.d
7 sUuouou u

8 .314by~ol17b55718Y99
9 oUUiuuou u

i0 *UuOuuu u
11 .24uUUU+ll 219712.596c4
12 t*(?UOUO-68
13 oUUUUUU 0
14 qUUvuoLI u
15 oe-7uuuo+ol 17b3kb901bOtb

17 .Uououu u
18 olb~u7'0+0+1 1742!>9t64;!l
19 toUuuujo-.5d 1

za .97.iuuu-ou l7-3l00b03RU
22 *UUuooo 0
26 *Uououu 0
24 *l~uuu0-0z 16UL4u629108
25 #b~uuouu-.6

27 -Olovuo+uI -1738119577o
?8*4luUiJO+ll ?20S)1785!)17
!9.7ouo~ju+iu k-l7l429i!O8

30 -ob~uOUO-,36 -1
131 *U~uvou 0
.34 qUOujouO u
33 bououo-,38 4
,34 $5juuuo03.) 435
J5 .buvouo-38 54
3b o bU u 0UO-.3d 55
357 .b'uouu.36 2269

15 54uo0U0313 247U
39 .OUU~OUU 0
40 OUOQOUC 0
41 00ouoUo0
42 .231JOU04JU 415495239fiU
1ý3 *bUuUUO-.ib 1U
44 elOuOUO-ub 14700UlUlqo
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4.2. UNIVAC 1108 CONTROL CARDS

V ASG P = 1184 Program Tape

V ASG 7 = 2213 Restart Tape*

V XQT CUR

IN

TRI P

TOC

VP KDG STANDARD CRATER

V XQT RP1N

STANDARD CRATER

1 151 1 13.735

1 50 1 1.0 -06

* ýan assign a druim area for tape dumps instead of a tape by using:

VD ASG 7 1 100000
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5. RESTART OF PROBLEMS

"L F-eriodic'.iy during a calculation R- w'rites on tape the problem para-

meters and the current state of the materi • in each cell. By reading this

tape the user can ",estart" and continue tu alculation from an intermediate

point. Because the initial conditions art- saved on -cape, SETUP is not called

and the following three cards are the only ones which mus t be in the restart

input deck:

Description Col. Col. Col. Col. Col. Col.
of Card 1 2-6 7 8-16 17-25 26-34

ID CARD IMPACT

PK(1),PK(2), 1 151 3 3.2 88. -1.
PK(3)

TSTOP 1 50 1. - o6

PK(1) - The same problem number used when the problem was initially

setup. (NOTE: This can be any number between 00.0000 and

99.9999.)

PK(2) - The restart cycle number. The problem can be restarted on any

cycle which is marked as a tape dump cycle in the printed output.

PK(3) - The restart flag. If it is -1. EDIT makes a long print of the

restart cycle. However the user may wish to avoid making a

long print on the restart cycle. He can do this by setting

PK(3) - -2.

TSTOP = The new t.Lme at which execution will stop.

Other variables besiL . TSTOP may be redefined when restarting a problem.

The copy of the "Setup Sheet for OIL-RPM Restarts" on page 44 lists those

variables most likely to be redefined at an intermediate point in the cal-

culation.

The cards in a restart input deck can be in any order as long as the

first card is the ID card, the second card defines PK(l), PK(2) and PK(3)

and has a "1" in column one, and the last card has a "1" in column one.
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Examples:

Description Col. Col. Col. Ccl. Col. Co).

of Card 1 _.__"6* 7 8-16 17-25 2t>-34

ID CARD I )-ACT 1 32

PK(l),PK(2) 1 151 26.1 32.

INIER 2 87 1 0.

RHOMIN 138 1 1. -03
ICSTOP 2 T 1 13".
TSTOP 1 1 1 50 1 1 0 .

2. _ _ _ _ _ _ _ _ _ _

Description Col. Col. Col. Col. Col. Col.
of Card l 2-6* 7 8-16 I17-2 - 26-34

ID CARD IMPACT E

PK(1),PK(2) 1 151 3 35.013 2019. -2.
PK%'3)

TSTOP 1 50 1 1.0 -051

3. _

rescriptiou Col. Col. Col. Col. Col. Col.

of Card 1 2-6* 7C 8-16 17-25 26-o4
ID CARD IMPACT 3

PK(l),PK(2) 1 151 3 8.2 128. -2.

ICSTOP 2 7 1 200.

TSTOP i 50 1 0.

*All nu-bers must be rLght-ad'usted within rh-. field.
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6 LISTING OF THF FORTRAN IV PROGRAM

This section consists simply of a listing of the FORTRAN IV progra=.
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C RPM 10

DIMENSION AMlX(2502)PAIX(2502)PU(2502) PV(2502) PP(2502) '50

1 X(52) #XX(5'4) PTAU(52) PJPM(52) # 60
2 Y(102) PYY(104) tFLEFTC102)t YAMCC1O2)t SIGCC1O2), 70
3 GAMC(102)p 80
4 PK(15)t Z(150) e90
5 XP(2b,5l)tYP(26t5l)p 100

*6 PL(204) tUL(204) PPR(204) t 110
7 RSN(52)t RST(52)t 120
8 CMXP(5) #CMYP(5) PIJ(5) PJK(5) P130,
9 DX(52) PDDX(54) #DY(102) tDDY(104) t 140
s SNiB(52) PSTe:52) PUK(52P3) PVK(C52p3) tRHO(52t3) 1450

C **DIMENSIONED ARRAYS 160
C **Z-BLOCK IS SAVED ON TAPE. 170

COMMON Z 180
COMMON PK 190
COMMON YYP XX 200
COMMON DDX# DDY 210
COMMON AMXr AIXP Ut V? P 2~20
COMMON4 TAUt JPM 230
COMMON UL t PL 240
COMMON XP t Yps, CmXP? CMYP 250

C *** NON-DIi1'ENSIONED VARIABLES - 260

COMMON AID tAMMV rAMPY PAMPY tAMUR PAMUT PAMVR r 270
iAMVT PDEL-: L tDELER POELET PDELM ,DTODX PDXYMINtEAMMP PEAMPY r280
2E vERDUMPPI ,13 PIS *J , KA PKB 29
3LL FMD rME PMZT tNERP tNK PNPRINTP 300
4NR PNRZ #NULLE PPIDTS PSIEMSNrSNR PSNT PSTR PSOLID i310

5StJM PTESTRHPTWOPI PURR FWS #WSA #WS3 FWSC PWFLAGFP 320
6WFLAGLP-*-"FLAGP 330
COMMON LAST35

C 340
C **w THE FOLLOWING EQUIVALENCES MAKE AVAILABLE 350
C X(D)p YCO)o DX(0)e DYCO) 360
C 370

EQUIVALENCE (XXCZ)t X(1))t (YY(2)P Y~l)) 380
EQUIVALENCE %*DnX(2)P DX(1))e (DDY(2)P DY~i)) 390

C 400
C ssSPECIAL EQUIVALENCES FOR PH2 ONLY 410
C 420

EQUIVALENCE (ULPFLEFT)p (UL(103)#YAMC)e 430
1 (PL#GAMC#PR)p (PL(103)PSIGC) 440

C 450
C **SPECIAL EQUIVALENCES FOR PH3 ONLY 460
C 470

EQUIVAL.ENCE (ULPRSN) e 480
1 (PLPRST)t (PPUK)P 490
2 CP(157)PVK)t CP(313)#SNB)t 500
3 (P(3b5)#STB)p (P(417)PRHO) 510

C 520

* C **SPEC:AL EQUIVALENCES FOR EDIT 530
C 540

EQUIVALENCE (PR(l)P IJ)e (PRC6)P JK) 550
*C 560
C *sZ-STORAGE EQUIVALENCES 570



EQUIVALENCE (ZC 1)PPROB )#(ZC 2),CYCLE )v 580

1(Z( 3)PUT )#(Z( 4)#NUMSP )P(Z( 5)#NFRELP),(ZC 6)#NDUMP7)o 600
2(Z( 7)PICSTOP)P(ZC 8)#PIDY )p (Z( 9)PTOPMU )*(Z( 1O),RTMU )p 610K3(Z( lI)eSTK1 )P(Z( 12)#NUMREZ)t (Z( 13)#ETH )#CZC 14)PUN14 )v 620
'u(Z( 15)#iH1INIT),IZ( 16),PROJI )p (Z( 17),UN17 )PCZ( 18)PXMAX )v 630
b(Z( 19h#NZ )PCZC 20)PNREZ ). (ZC 21)PAMOM )tCZC 22)PUVMAX )# 64U
bCZ( 23)eIJN23 )P(ZC 2'4)POMIN )p (Z( 25)#JSTR )#CZC 26).OTNA )# 650
7(Z( 27)#CVIS )e(Z( 28)#STK2 )p (Z( 29)PSTEZ )P(ZC 30)'PNC )p 66U
d(Z( 31).UN31 )#(Z( 32)PNRC )p (Z( 33).KIMAX )P(Z( 34)PIMAXA )p 670
9CjZ( 35)tJMAX )'CZC 36)#JMAXA )v CZ( 37),KMAX )u'CZC 38)PKMAXA )680

LQUI VALENCE 690
1(Z( 39,i&jOTM )PCZC 40) P8OTMV )v CZ( 41).NUMSPT)PCZC '42) PCZERO )v 700
2(Z( '43)PNUJ4SCA)e(ZC '44)PPRLIM )v (Z( '45),PRDELT),CZ( 46)#PRFACT) 710
EQUIVALENCE 720

1(Z( '47)p11 )PCZC 48)P12 )v CZC '49)PIPCYCL)PCZC 50)PTSTOP )v 730
2(Z( 51)#KHOF1L)PCZ( 52)PTARGV )v (Z( 53).N3 )eCZ( 54)eIVARDY)o 740
S1Z( bb)#VT )P(Z( b6)FN6 )p (ZC 57)PRTM )PCZC 58)PRTMV )p 750
'4(Z( 59)PUN59 )#(ZC 6O)PNIO )p CZ( 61)#N1I )PCZ( 62)#GAMMA )p 760
bCZ( 63)PTOPM )PCZ( 6'I)#BOTMU )v CZ( 65)PSN )#CZ( 66)#TOPMV )p 770
b(Z( 67)PPRYBOThP(Zt 68)PPRYTOP)p (Z( 69)PPRXRT )P(ZC 7Oh#CYCPH3)p 780
7(Z( 71)#REZFCT)P(Z( 72)uTARGI )p (Z( 73)PPROJU )P(Z( 7'4)#BBOUND), 790
dCZ( 75)#EVAP )#(ZC 76)PECI( )p (Z( 77)eNECYCL)PCZC 78),II )p 800
9(Z( 79)PJJ )u'(Z( 80)PNi4P )# (Z( 81)PY2 )#(Z( 82hE~ZPH1 810

LOUt VALENCE, 820
ICZ( b3)uIVARDX)P(ZC 84)PT )p WZ 85)hNMPMAX)e(ZC 86)PPMIN )p 830
2(Z( 67)PINTER )5'(Z( 88)hTAYBOT)o (Z( 89)#TAYTOP)e'(Z( 90)PIEMAP )v 840
3(z( 91)pMC )P(Z( 92)PMR )p (Z( 93)PMZ )#CZ( 94)#MB )850
EQU IVALENCE 860

1(Z( 9bhI(EZ )'(ZC 96)PN0DUMP)o CZ( 97)hUN97 )F(Z( 98)FUN98 )p 870
* 2(ZC 99)hUN99 ),(Z(100hPEVAPM )p CZ(101)PEVAPEN)vCZ(102)PEVAPMU), 880

3(Z(103i)#EVAPMV)P(Z(104),EZPH2 )p (ZC1O5)PSNL ),(Z(106)PSTL )f 890
'4(Z(107)PTAXRT )#(Z(1O8)#IDNMAP)p (ZC109)PIPRMAP)vCZ(110)eROEPS )p 900
5CZtI)PRtIINI )e(ZC112)PVINI )p CZ(113)PFINAL )P(ZC114)#IVMAP )f 910
6CZC115)uRHOZ )PCZ(116)#ESA )v (ZC117)FESEZ )#(ZC118)#ESB )f 920
7CZ(119)vESCAPA)u(Z(120)'ESESP )p (ZC12I)PESESQ )eCZC122hFESES )p 930
8(Z(123).ESALPH)d(Z(12'4)eESBETA). (ZC125)',ESCAPB)eCZC126)tIUMAP )p 940
9(ZC127)#SS1 )#CZC128)eSS2 )# (Z(I29h#UMIN )#(Z(13OhPSS4 )950
EQUI VALENCE 960
1CZC13I)#PRTIMCE)vCZC132)#EOR )p CZ(133)PEOT )P(ZC13'4hEOB )p 970
2(ZZ(135)PEMOR )P(Z(136)#DXF )p (Z(137)#DYF )P(Z(138)#RHOMIN), 980
3(Z(139)PSTA3)p CZ(1'40),XIENRG), CZCI41)tXKENRG)p (Z(142)#XTENRG), 990
'4CZCIQ3)PSTT )PCZCI'I4)PDTMIN .# CZ(145)PTRNSFC)v(Z(I46)PEM0T )v 1000

* 5(Z(147h).JPROJ )#(Z(148)PCNAUT )p (Z(149)tBBAR, )PCZ(150)PEMOB ) 1010
C 1020
C *....*gesOeg. *,s,*~e .*~*..o.*.**...e 1030
C 1040
C END OF COMMON 1050
C 1060
C; ........ 0.00000.0.0 e... esse ee** 1070
c 1080
C **INIALIZE BLANK COMMON 1081
*LAST =1 1082

10 2 0 1083
5 IQ = IQ41 1084

* Z(IQ) 2 0. 1085
IF(LAST*NE*0) GO TO 5 10816



10 CALL INPUT 1090
20 CALL CDT 1110

CALL EDIT 1130
C **ASK WFLAGL WHETHER THIS IS THE LAST CYCLE* 1140

C WFLAGL IS SET IN EDIT. 1145
IF (WFLAGLGTO,) GO TO 40 1150
CALL PH1 1160

C *** NPRINT=l ON EDIT PRINT CYCLES, 1162
C INTERsNEsO WHEN INTERMEDIATE EDIT PRINTS ARE WANTED. 1164

IF (INTERNL.0,AND.NPRINT.EQ.1) CALL EDIT 1170
C CYCPH3=-I, WHEN PHASE 3 IS NOT USED. OTHERWISE " 1172

C CYCPk3=NUMBER OF TIMES PHASE 3 CALCULATIONS ARE 1174
C - SUBCYCLED. 1176

IF (CYCPH3,EQ.(-1,)) GO TO 30 1180
CALL PH3 1190
IF (INTERNE.0oANDNPRINTEQi) CALL EDIT 1200

30 CALL PH2 1210
iO TO 20 1220

40 CALL EXIT 1230
Ltiu 1240-
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SoSURROUTINF rNiPUT TNP 10

INP 30
DIMENSION AMX(2502)#AIX(2502)PU(2502) #V(2502) eP(2502) t INP 40
1X(52) #XX(54) PTAU(52) FJPM4(52) t INP 50

2 Y(102) #YY(104) PFLEFT(102)p YAMC(1O2)v SIGC(102)t INP 60
3 GAMC(102)f INP 70
4 PKC15)t Z(150) f INP 80
5 XP(26#51)#YP(2bt5l)p INP 90

6 PL(204) PUL(204) PPR(204) P INP 100
7RSN(52)o RST(52)p INP 110
8CMXP(5) #CMYP(5) PIJ(5' PJK(5) t NP 120
9OX(52) PODX(54) PUY(102) PDDY(104) p INP 130

s SNB(52) PSTB(52) PUK(52,3) PVK(52#3) PRH0C52v3) INP 140
c** DIMENSIONED ARRAYS INP 150
C **Z-BLO",K IS SAVED ON TAPE. INP 160

COMMON Z INP 170
COMMON PK INP 180
COMMON YYP XX INP 190
COMMON DDXP DDY INP 200
COMMO1N AMXr AIX# Up V. P INP 210
COMMON~ TAUP JPM INP 220
COMMON UL t PL INP 230
COMMON XP v Ypt CMXPt CMYP INP 240

C **NON-DIMENSIONED VARIABLES INP 250
COMMON AID rAMMV ýAMMY rAMPY IAMUR tAMUT eAMVR r INP 260-
IAMVT PDELEB rDELER PDELET PDELM tDTODX PDXYMINPEAMMP PEAMPY r INP 270
2E PERDUMPPI PI3 tIWS pj tK KA PKB f INP 280
3LL PML) #ME PMZT PNERR PNK PNPRINTP INP 290
4NR tNRZ PNULLE tPIDTS PSIEMIN.SNR oSNT eSTR #SOLID p IMP 300
5SUM PTESTRHPTWOPI PURR twS PWSA PWSB PWSC' #WFLAGF# INP 3010
6WFLAGLPWFLAGP INP 320

c INP 330
C **THE FOLLOWING EQUIVALENCES MAKE AVAILABLE INP 340

CXCO)p Y(O)p DXCO)p DY(O) INP 350
C INP 360

EQUIVALENCE (XXC2)t X(1))v (YY(2)t YC1)) INP 370
EQUIVALENCE (DOX(2)r DXC1))p (DDY(2)t DY~i)) INP 380

C INP 390
C ssSPECIAL EQUIVALENCES FOR PH2 ONLY INP 400
C INP 410

EQUIVALENCE (ULtFLEFT)t CULCIO3)#YAMC)p INP 420
I (PLPGAMC#PR)o (PL(103)PSIGC) INP 430

C INP 440
C ssSPECIAL EQUIVALENCES FOR PH3 ONLY INP 450
C INP 460

EQUIVALENCE (ULPRSN)p INP 470
1 (PLtRST)v (PPUK)p INP 480
2 (PC157)PVK)t CP(313)rSNB)p INP 490
3 (P(365)#STB)o CPC4&'7)PRHO) INP 500

C INP 510
C **SPECIAL EQUIVALENCES FOR EDIT IMP 520
C INP 530

EQUIVALENCE (PR(l)t IJ)v (PR(6)t JK) INP 540
C. INP 550

C **Z-STORAGE EQUIVALENCES INP 560)
C INP 570

EQUIVALEN~CE (Z( I)PPROB )P(ZC 2)tCYCLE )p INP 11080
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y1(Z( 3)tUT )#(Z( 4)#NUMSP ho(Z( 5)#NFRELP)P(Z( 6),,NDUMP7)t INP 590

4W lb)tRHlNITh#(Z( 16)tPROJI )# (Z( 17)-UN17 )t(Z( 18)tXMAX )p INP 620
b(Z(% 19hNZ )*(Z( 2Oh#NREZ )v (Z( 21-)#AMDM )e(Z( 22)tUVMAX )t INP 630
6(Z( 23)PUN23 )#(Z( 24)PDMIN )v (Z( 25)#JSTR )t(Z( 26)PDTNA )p INP 640
'(Z( Z7)tCVIS )P(Z( 28)PSTK2 )t (Z( 29)PSTEZ )P(Z( 30)PNC )p INP 650
8(Z( 31)#UN31 )P(Z( ,32)tNRC )v MZ 33)t!MAX )P(Z( 34)#IMAXA )s, INP 660
9(Z( 35)#JMAX )#(Z( 36)#JMAXA )l (Z( 37)tKMAX )#(Z( 3B#K'iAXA )INP 670

EUUI VALENCE INP 680
1(Z( 39)PbOTM1 )#(Z( '+0)#S0TMV )t (Z( 41)PNUMSPT)P(Z( 42)PCZERO )p INP 690
2(Z( 43) ,NUMSCA)p(Z( 44) 'PRLIM )p MZ 45) ,PRDELT)P(Z( 46)#PRFACT) INP 700
EQUIVALENCE INP 710
1(Z( 47)pll )'(Z( 48)PI2 )p MZ 49)oIPCYCL)P(Z( 50)PTSTOP )p INP 720
2(Z( 51),RH10FILh#(Z( 52)#TARGV )t (Z( 53)PN3 )#(Z( 54)tIVARDY)t INP 730
3(Z~( 55)PVT )P(Z( 56)tN6 )p MZ 57)PRTM )#(Z( 58)#RTMV )t INP 740
4(Z( 59)tUN59 )P(z( bO)PN1O )p MZ 61)tNl1 )#(Z( 62)PGAMMA )p INP 750
5(Z( 63)#TOPMw )t(Z( 64)#80TMU )t MZ 65)PSN )P(Z( 66)PTOPMV )p INP 760
6(Z( 67)tPRYi3OT)F(Z( 68)#PRYTOP)t MZ 69)#PRXRT )P(Z( 70)PCYCPH-3)t INP 770
7(Z( 71)#REZFCT)t(Z( 72)#'IARGI )p MZ 73)tPROJU )#(Z( 74)PBBOUND)t INP 780
8(Z( 75)#EVAP )P(Z( 76)PECi( )p (Z( 77)#NECYCL)e(Z( 78)PII )p INP 790
9(Z( 79)PJJ )t(Z( 80)plqMP )v~ (Z( 81)eY2 )#(Z( 82)#EZPH1 )INP 800
EQUI VALENCE INP 810
1(Z( 83)FIVARDX)P(Z( 84)tT )p MZ 85)PNMPMAX)#(Z( 86)#PMIN )p INP 820
2(Z( b7#%PlNTER )P(Z( 88)#TAYBOT)t (Z( 89),TAYTOP)#(Z( 90)#IEMAP )t INP 830
3(Z( 91)tMC. )PfZ( 92)tMR )p MZ 93)#MZ )PCZ( 94)#MB )INP 840

EQUIVIALENCE INP 850
1(Z( 95)PREZ )P(Z( 96)PNODUMP)p (Z( 97)tUN97 )t(Z( 98)#UN98 )p INP 860
2(Z( 99)#UN99 )P(Z(100)#EVAPM )v (Z(101)tEVAPEN)e(Z(102e),EVAPMU)e INP 870
3(Z(103)#EVAPMV)y(Z(1O4)pEZPI-2 )p (Z(105)PSNL )t(Z(106)#STL )p INP 880
'4(Z(107)rTAXRT )?(Z(108)?IDNMAP)t (Z(109)tIPRMAP)p(Z(110)pROEPS )f INP 890
5(Z(111)#RHINI )e(Z(112)pVINI )p (Z(113)#FINAL )#(Z(114)eIVMAP )p INP 900
6(Z(115)#RHOZ )#(Z(116)PESA )p CZ(117)PESEZ )#CZ(118)tESB )p INP 910
7(Z(119)pESCAPA)p(Z(120)pESESP )p (Z(121)tESESQ )t(Z(l".2)#ESES )o INP 920
8(Z(123)eESALPH)e(Z7(124).ESBETA)v (Z(125)tESCAPB)p(Z(126)pIUMAP INP 930
9(Z(127)PSSI )r(Z(128hSS2 )p CZ(129),UMIN )#(Z(130)PSS4 )INP 940

EQUI VALENCE INP 950
1(Z(131)tPRTIME)r(Z(132)pEOR )p (Z(i33)PEOT )#(Z(134)#EOB )t INP 960
2(Z(135h#EMOR )#(Z(136)#DXF )p (Z(137),DYF )t(Z(138)vRHOMIN)p INP 970
3(Z(139)pSTA8)p (Z(140)#XIENRG)t (Z(141)pXKENRG)# (Z(142)rXTENRG)pINP 980
4(Z(143)PSTT )P(Z(144)PDTMIN )# (Z(145)tTRNSFC)tCZC146)pEMOT )t INP 990
5(Z(147)tqJPR0J )P(Z(148)#CNAUT )v tZ(149)pBBAR )P(Z(150)PEMOB )INP1000

C INP1010
-C *..e.oee

C INP1030
C END OF COMMON INP1040
C INP1050
C *...... .... *..e* .. *.eoee .*** .... NX6
C INP1070
C **MZT MUST EQUAL NUMBER OF WORD-z, IN Z-ARRAY* INP1080

MZT=150 INP1090
C** SET WFLAGF=19 TO SAY THIS IS FIRST CYCLE OF THIS RUN* INP1095

* WFLAGF~lo INP1100
C **READ AND PRINT ID HEADING CARD (FIRST CARD IN INP1110
C INPUT DECK) I NP1115

READ (5#370) IWS INP1120
WRITE (6#370) IWS INP1130
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C ** CARDS ROUTINE WILL READ AND PRINT FIRST DATA CARD. INP1140
CALL CARDS INPi150

C ** PK(3).LT*0, MEANS THIS PROBLEM IS BEING RESTARTED FROM INP1152
C TAPE 7 AND SETUP IS NOT NEEDED. INP1155

"IF (PK(3).LT.0O) GO TO 70 INP1160
C *** SINCE THE SETUP ROUTINE WRITES ON TAPE 7p MAKE INP1170
C SURE THIS IS A SETUP AND NOT A RESTART RUN TO AVOID INP1BO
C WRITING OVER A GOOD DUMP TAPE. INP1190

CALL CARDS INP1190C CLA Z(1)=PROB IS DEFINED BY THE SECOND CARD OF A SETUP INP1200

c DECKBUT IS NOT DEFINED IN A RESTART DECK. INP1205
C THEREFORE IF Z(1)=O. THIS IS A RESTART RUN# AND IF INP1210
S C" Z(I)NEO,,THIS IS A SETUP RUN. INP1215
5 IF(PROBoEQ.O,)GO TO 230 INP1220

CALL SETUP INP1230
GO TO 70 INP1240

10 CONTINUE INP1250
CALL CARDS INP1260

C *** INITIALIZE P-STORAGE. INP1265
20 DO 30 K=ltKMAXA INP1270
30 P(K)=0oU INP1280
C ** SET T AND NC SO THEY WILL EQUAL ZERO ON FIRST EDIT INP1282
C PRINT AFTER BEING INCREMENTED BY CDT. INP1284

T=T-DTNA INP1290
NC=NC-1 INP1300

C s** CHECK FATAL INPUT ERRORS. INP1305
32 IF(RHOZLE.0,) GO TO 260 INP1310
4 IF(ESCAPA.LT.09) GO TO 270 INP1320
36 IF(IMAX.EQ.O.OR.JMAX.EQ.0) GO TO 280 INP1340
C *.* DEFINE CONSTANTS USED THROUGHOUT CALCULATION. INP1345

CNAUT=SQRT(ESCAPA/RHOZ) INP1350
WS=ESESP-ESES INP1360
IF (WS.LE.n.) WS=l, INP1370
SS1=1,/WS INP1389
TESTRH = *2*RHOZ INP1390
CYCLE=NC INP1400
NRZ=NREZ-NUMREZ INP1420
SOLID:AMDM*RHOZ INP1430
GAMMA-ESA+l, INP1440
TWOPI=2,*PIDY INP1450
PMIN=10***6 INP1460
TRNSFC=*4 INP1470
VT=10.**(-5) INP1L75
SS2=1. INP1480

C *;* SET NUMBER OF SYMBOLS TO BE USED IN PRINTED CONTOUR INP1L82
C MAPS. INP1484

IDNMAP=28* INP1490
IPRMAP=26* INP1500
IVMAP=26, INPi510
IUMAP=26* INP1520
IEMAP=26, INP1530

C, *4* PRINT VALUES OF MOST INPUT PARAMETERS, INP1555
* -WRITE (6#310) NUMREZJSTRN6,IMAXJMAX,IiI2,JPROJNMPMAXINTERNUINP1560

SMSCArIPCYCLe ICSTOPNFRELP,NDUMP7TNODUMPeIVARDXIVARDY INP1570
WRITE(6t320) DXFeDYFuRHOMINpTESTRHeRHOZeRHINIeRHINITuAMDMSOLIDP VINP1580

1TeEVAPPROEPSSNeBBARpCNAUTeFINAL.STABeDMINtCVISeSS2eCYCPH3eCZEROeSINP1590
2TK1eSTK2uSTEZESAeESB.ESCAPAESCAPBPESALPH.ESBETAPESEZ.ESES'ESESPeI•NP1600
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3ESESQPREZFCT.SS4IY2,TRNSFCDTMINPRDELTPRFACTtPRLIMPTSTOP INP1610
C *** PRINT DXDY ARRAYS WHEN THE CELL DIMENSIONS ARE INP1620
C VARIAdLE. INP1625

IF (IVAR0XoEQ.0) GO TO 40 1NP1630
WRITE (br330) 

INP1640

WRITE (6r350) (I,DX(I)tI:=1IMAX) INP1650
40 IF (IVARUYoEQ.O) 60 TO 50 INP1660

WRITE (b6340) INP1670
WRITE (6p350) (JDY(J),J=ltJMAX) INP1680

"50 CONTINUE INP1690
*** WHEN T.GToO. PROBLEM IS BEING RESTARTED. INP1695

IF (T.GT.O.) GO TO 60 INP1700
*** DEFINE TIME OF FIRST EDIT PRINT AFTER CYCLE 0, INP17U5

PRTIME=PKDELT INP171O
GO TO 300 INP1720

C *** PRDELT = o. WHEN PRINTING ON CYCLES RATHER TIME. INP1725
60 IF (PRDELToEQQO.) GO TO 300 INP1730
C *** DEFINE TIME OF FIRST EDIT PRINT AFTER RESTART CYCLE. INP1735

IWS=T/PRCELT+1. INP1740
PRTIME=FLOAT(IWS)*PRDELT INP1750
GO TO 3JO INP1760

C *** READ DUMP TAPE 7. INP1770
70 CONTINUE INP1800

IWS:O INP1810
80 REWIND 7 INP1820
90 READ (7) PR(1),PR(2)rN3 INP1830
C *** NR = NUMBER OF RECORDS WRITTEN BY EACH TAPE DUMP. INP1832

-.C WHEN N3=1,TRACER POINTS ARE BEING USE:D AND MAKE UP INP1834
C ANOTHER RECORD IN EACH TAPE DUMP, INP1836

NR=N3+7 INP1B40
C *** FIRST WORD OF FIRST RECORD OF EACH DUMP SHOULD BE INP1842
C 555o0, TEST THIS THREE TIMES BEFORE EXITING, INP1844

IF (PR(1)-555.0) 100u110l0oo INP1850
100 IWS=IWS+i INP1860

IF (MOD(IWSP3)) 220.220,80 INP1870
110 IF (PR(2)) 100,120tl20 INPI680
C *4* WHEN SETTING UP A PROBLEM PR(2) = PK(2) = 0. WHEN INP1882
C RESTARTNG A PROBLEM, TAPE 7 IS READ UNTIL INP1884
C PR(2).GE.PK(2), THE RESTART CYCLE NUMBER. INP1886
120 IF (PK(2)-PR(2)) 150P150r13Lý INP1890
130 DO 140 L=2#NR INP1900
140 READ (7) INP1910

GO TO 90 INP1920
150 READ (7) (Z(I),I=,MZT) 1NP1930
C *** MAKE SURE PROBLEM NUMBER ON TAPE (PROS) MATCHES INP1932
C PROBLEM NUMBER ON INPUT CARDS (PK(1)). INP1934

IF (ABS(PROB-PK(1))-.Ol) 160,1600210 INP1940
160 READ (7) (U(I)PV(I),AMX(I)eAIX(I)oP(I)eI=1#KMAXA) INP1950

READ (7) X(O),(X(I)PTAU(I)PJPM(I)eI=lPIMAX) INP1960
READ (7) (Y(I)wI=OPJMAX) INP1970

C *** Y2=-l. WHEN TRACER POINTS ARE USED. INP1980
IF (Y2oGT.(-1.)) GO TO 170 INP1990
READ (7) ((XP(IPJ),YP(IpJ),1=p1II),J=1pJJ) INP200C

170 READ (7) (DX(I)uI=zlpMAX) INP2010
READ (7) (DY(J)wJ=lPJMAX) INP2020
READ (7) PR(1)PPR(2)#PR(3) INPk030

C *** THE FIRST WORD OF THE LAST RECORD OF EA6H DUMP SHOULD INP2032

52



3ESESQuREZFCTPSS4eY2,TRNSFCwDTMINPRDELTtPRFACTPRLIMTSTOP INP1610
*** PRINT DXtDY ARRAYS WHEN THE CELL DIMENSIONS ARE INP1620

VARIABLE* :NP1625
IF (IVARDXEUO) GO TO 40 INP1630

- : WRITE (b,330) INP164O
WRITE (6,35U) (IPDX(I)}I=1#IMAX) INP1650

40 IF (IVARUY.EQ.O) GO TO bO INP1660
WRITE (6#340) INP1670
WRITE (6p350) (JwDY(J)#J=lrJMAX) INP1680

50 CONTINUE INP1690
*** WHEN T*GT.Oo# PROBLEM IS BEING RESTARTED. INP1695

IF (T.GT.0O) GO TO 60 INP1700
C- ** DEFINE TIME OF FIRST EDIT PRINT AFTER CYCLE 0o INP1705

PRTIME=PRDELT INP1710
GO TO 300 INP1720

c *** PRDFLT = o. WHEN PRINTING ON CYCLES RATHER TIME. INP1725
60 IF (PRDELT*EQ*O,? GO TO 300 INP1'730
"C ** DEFINE TIME OF FIRST EDIT PRINT AFTER RESTART CYCLE. INP1735

* !IWSZT/PROELT+1, INP1740
PRTIME=FLOAT(IWS)*PRDELT INP1750
0O TO 300 INP1760

C *** READ DUMP TAPE 7. INP1770
70 CONTINUE INP1800

IWS=O INP18iO
80 REWIND 7 iNP1820
90 READ (7) PR(1),PR(2),N3 INP1830
C *** NR = NUMBER OF RECORDS WRITTEN BY EACH TAPE DUMP. INP1832

-. c WHEN N3=lrTRACER POINTS ARE BEING USED AND MAKE UP INP1834
C ANOTHER RECORD IN EACH TAPE DUMP. INP1836

NR=N3+7 INP1840
"C s** FIRST WORD OF FIRST RECORD OF EACH DUMP SHOULD BE INP1842
C 555*0, TEST THIS THREE TIMES BEFORE EXITING. INP1844

IF (PR(1)-555,0) 100110#100 INP1850
100 IWS=IWS+1 INP1860

IF (MOD(IWSP3)) 220,220,80 INP1870
110 IF (PR(2)) 100,120#120 INP1880
C ** WHEN SETTING UP A PROBLEM PR(2) = PK(2) = 0 WHEN INP1882
C RESTARTING A PROBLEM, TAPE 7 IS READ UNTIL INP1884
C PR(2),GEPK(2), THE RESTART CYCL. NUMBER. INP1886
120 IF (PK(2)-PR(2)) 150P150#130 !NP1890
130 DO 140 L=2,NR INP1900
"140 READ (7) INP191O

GO TO 90 INP1920
150 READ (7) (Z(),I=,MZT) INP1930
C ss* MAKE SURE PROBLEM NUMBER ON TAPE (PROB) 4ATCHES INP1932
C PROBLEM NUMBER ON INPUT CARDS (PK(1)), INP1934

IF (ABS(PROB-PK(1))-*O) 160o160P210 INP1940
160 READ (7) (U(I),V(1),AMX(m)'AIX(I)vP(I),I=lpKMAXA) INP1950

READ (7) ({O),(X(I).TAU(I)eJPM(I),I=IPIMAX) INP1960
READ (7) ýY(I),I=O)JMAX) INP1970

S**3, Y2=-1, WHEN TRACER POINTS ARE USED, INP1980
IF (Y2oGT,(-1.)) GO TO 170 INP1990

* READ (7) ((XP(IJ),YP(II=1,II),J~1,JJ) INP2000
- 170 READ (7) ( dX(I),7=1.IMAX) INP20O1

READ (7) (0'Y(J),J=lJMAX) INP2020
READ (7) PR.l)#PR(2)pPR(3) INP2030

C **s THE FIRST WORD OF THE LAST RECORD OF EACH DUMP SHOULD INP2032
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C 6E 555.0 OR 666°0, h23

175 IF(PR(l)-555.0) 240p101 B INP200 O
INP20'40

1b0 IF(PR(2)-66b.O) 250#10e250 INP2GDO
200 CALL CARUS INP2070

CALL SETUP INP2080
GO TO 20 INP2090

C *** PROBLEM NUMBER ON TAPE 7 NOT THE SAME AS PROBLEM INP2092
C NUMBER ON INPUT CARDS. INP2094
210 NK=IbO INP2100

GO TO 290 INP2110
C *** CANNOT FIND FIRST WORD OF FIRST RECORD- INP2115
220 NK=100 INP2120

GO TO 290 INP2130
C *** NOT A RESTART AND YET Z(1) = 0o. INP2135
2i0 NK=5 INP2140

GO TO 290 INP2150
C *** FIRST WORD OF LAST RECORD IS INCORRECT. INP2155
240 NK=175 INP2160

GO To 290 INP2170
C *** FIRST WORD OF LAST RECORD IS INCORRECT. INP2175
250 NK=180 INP2180

GO TO 290 INP2190
C *** RHOZ.LE.0. INP2200
260 NK=32 INP2210

GO TO 290 INP2220
C *** ESCAPA.LT.O. INP2230
270 NK=34 INP2240

60 TO 290 INP2250
C *** IMAX OR JMAX IS ZERO INP2260
Z80 NK=36 INP2270
290 NR=l INP2280
C *** PRINT FIRST THREE WORDS OF DUMP (PR(1)pPR(2)fN3) ItNP2282
C AND Z(151)PZ(152)PZ(153), INP2284

WRITE(6P360) PR(1)p Z(151)p PR(2)t Z(152)p N3t Z(153)
CALL ERROR INP2300

300 RETURN INP2310
C INP2320
310 FORMAT (//12Xp9H NUMREZ=PI2p7H JSTR=PI3t5H N6=I3t7H IMAX=pI3'7INP2330

1H JMAX=PI3#5H Il=l13p5H 12=1I3p8H JPROJ=tI3p9H NMPMA:=PI5p8H INP234O
2 INTER=pI2t9H NUMSCA=#I2#/8H IPCYCLZPI3t9H ICSTOP=PI4r9H NFRELPINP2350
3=pI3t9H NDUMP7=tI3p9H NODUMP=#I2e9H IVARDX=PI279H IVARDY=PI2//INP2360
4) INP2370

320 FORMAT (1XP120H DXF DYF RHOMIN TESTRH INP2380
1 RHOZ RHINI RHII l" AMDM SOLID INP2390
2 VT/1XtlPlOE12o4//lXP120H .PS SN INP2400
3 BBAR CNAUT FINAL STAB DMIN CVIINP2410
4S SS2/1XtlPlOE12.4//1XP120H CYCPH3 CZERO INP2420
5 STK1 STK2 STEZ ESA ESB ESCAPA IN'2430
6 ESCAPB ESALPH/1X,1POEl2.o4//1XP96H ESBETA ESINP244O
7EZ ESES ESESP ESESQ REZFCT SS4 INP2450
8 Y2/1XtlP8El2o4//1X,72H TRNSFC DTMIN PRDELT. INP24::0
9 PRFACT PRLIM TSTnP/lX,1P6EI2.4) 1NP2470

330 FORMAT (//7(3H I,6Xt2HDRt7X)) INP2480
340 FORMAT (//7(3H Jt6Xt2HDZt7X)) INP2490
350 FORMAT (7(I4t2XrlPE9.3#3X)) INP2500

360 FORMAT (lHlt5Xt72H*** CHECK FIRST RECORD OF THE DUMP AND FIRST DAT
1A CARD OF THE INPUT DECK // 4X#?HON TAPEp41Xv8HON CARDS / UXt
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24HWS =tF6*lt4Xp7H-(555*O)t24X# 8HZ(151) =qF8*4v3X#16H(PROBLEM NUMBE
3R) / 8H CYCLE =#F6.,l4X#18H(C,^YC-LE BEING READ)el3Xo 8HZC152) =F5*lt
46XP15H(RESTART CYCLE) / 4X#4HN3 =#14#6XP19H(TRACER POINT FLAG) t
5 12XP 8HZ(153) e#F59i#6X#14H(RESTART FLAG))1N20

.3o FORMAT (Ile71H I NP2520

END 1NP25'4O-
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SUBROUTINE CARDS CRD 10
DIMENSION TABLE(i),CARD(7),LABLE(l) CRD 20
DIMENSION INPERR(1) CRD 30
COMMON TABLE CRD 40

EQUIVALENCE(TABLE(1),LABLE(l)) CRD 50
INPERR=O CRD 60
WRITE (6P80) CRD 70

10 READ (5,90) IENDLOCtNUMWPCt(CARD(I)pI=lNUMWPC) CRD 80
WRITE (6t100) IENDtLOCeNUMWPS•(CARD(I}•:IPNUMWPC) CRD 90
IF (NUMNPCoLT.I) GO TO 50 CRD 100
IF (LOCLT,1) GO TO 70 CRD 110
DO 30 I:ltNUMWPC CRD 120
J:LOC+I-1 CRD 130
IF (IEND.NE.2) GO TO 20 CRD 140
LABLE(J)}iFIX(CARD(I)) CRD 150
GO TO 30 CRD 160

20 TABLE(J)=CARD(I) CRD 170
30 CONTINUE CRD 180
4U IF (IEND.NZ°}) GO TO 10 CRD 190

iF iINPERRoEQ.O) RETURN CRD 200
STOP CRD 210

50 iF (LOCNE.0' 60 TO 70 CRD 220
DO 60 l1lt7 CRD 230
IF (CARD(I).NE,.0) GO TO 70 CRD 240

60 CONTINUE CRD 250
WRITE (6P120) CRD 260
GO TO 40 CRD 270

70 WRITE (6t110) CRD 280
INPERR=1 CRD 290
GO TO 40 CRC 300

C FORMATS CRD 310
"C CRD 320
Bu FORMAT (/18H INPUT CARDS///) CRD 330
90 FORMAT (Ii,15tI1rOP7E9,4) CRO 34U
100 FORMAT tlH 14,17#I3tlP7El4,6) CRD 350
110 FORMAT (//1421H **** ERROR ON PRECEDING DATA CARD *****/) CRD 360
120 FORMAT (//18H dLANK CARD ******/) CRD 370

END CRD 380-
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SUBROUTINE SETUPST30
C ... ..... **O..@e.e*e. SET 210

cý SET 30
DIMENSION AMXC2502)eAIXC2502)PUC2502) #V(2502) "P(2502) ' SET 40
IX(52) PXX(54) uTAUC(52) .PJPMC52) *SET 50

* 2Y(102) *YY(104) PFLEFT(102)p YAMC(102), SIGCC1O2)o, SET 60
* 3 GAMCCIO2)p SET 70

4PKC15)t ZC150) 'SET 80
5 XP(26i5i)PYP(26t51). SET 90
6 PL(2O4) PULC2O4) PPR(204) t SET 100
7 RSN(52)o RSTC52)p SET 110
8 CMXP(5) PCMYP(5) eIJC5) .JKC5) p SET 120
9 DX(52) PDOX(54) #DYC102) PDDY(1O4) t SET 130
s SHBC52) PSTB(52) PUK(52t3) sVKC5Z,3)etRHO(52,3) SET 140

C **DIMENSIONED ARRAYS SET 150
C **Z-BLOCK IS SAVED ON TAPE. SET 160

COMMON Z SET 170
COMMON PK SET 2.80
COM4MON YYP XX SET 190
COMMON -DOXIe DDY SET 200,
COMMON AMXP AIX# up V. P SET 210
COMMON TAUP 'JPM SET 220
COMMON UL r PL SET 230
COMMON XP 0 Ype, CMXPF CMYP SET 240

C, *** NON-DIMENSIONED VARIABLES SET 250
COMMON AID PAMMV PAMMY tAMPY PAMUR PAMUT .AMVR v SET 260
1AMVT PDELEB PDELER oDELET- PDELM PDTODX. uDXYMINrEAMMP sEAMPY r SET 270
2E PERDUMPPI o,13 .IWS vJ PK KA 'KB f SET 280
3LL I-Ma oME PMZT PNERR PNK PNPRINTo SET 290
4NR PNRZ rNULLE PPIOTS ,SIEMINPSNR. ,SNT oSTR .*SOLID v SET 300
5SU14 PTCSTRHvTWO.PI, PURR PWS PWSA IWSB ,WSC PWFLAGFP SET 310
6WFLAGLpWFLAGP SET 320

C SET 330
C * THE FOLLOWING EQUIVALENCES MAKE AVAILABLE SET 340
C M(OP YCO)v DX(O). DYC(O) SET 350
C. SET 360

EQUIVALENCE CXXC2)p XC1))p (YYt2)o Y(1)) SET 370
EQUIVALENCE CDDXC2)p DX(1))p (DDY(2)p DY.(i)) SET 380

C SET 390
C ssSPECIAL EQUIVALENCES FOR PH2 ONLY SET 400
C SET 410

* EQUIVALENCE CULPFLEFT)v CUL(103)vYAMC)p SET 420
1 (PLpGAMCPPR)r (PL(103)#SIGC) SET 430

C SET 440
C** SPECIAL EQUIVALENCES.FOR PH3 ONLY. SET 450

C. SET 460
EQUIVALEN4CE (ULPRSN) u SET 470
1 CPLPRST)o (PPUK)o SET 480
2 (P(157)PVK)t (P(313)#SNB)t SET 490

3(P(365)PSTB)p (P('&17)PRHO) SET 500
C ,ISET 510
C *sSPECIAL EQUIVALENCES FOR EDIT. SET 520
C. .SET 530

* EQUIVALENCE MCI()e IJ)p CPRC6)p JP) SET 540
C. SET 550

*s Z-STORABE.EQUIVALENCES SET 560.
C (Z OPPOB )(Z.(SET 570I *EQUIVALENCE Z( )PO )(ZC2),PCYCLE ).I SET 580,



),(Z( 3)20T )'(z( 4)tNUMSP )r(Z' 5)#NFRELP)t(Z( 6)hNUUMP7)- SET 590
2t ? )ICS-TOP)t(Z( 8hPPIDY )t (2( 9)PTOPMU ).(Zt lflhPTMU ). SET AOOs

3(Z( IllhSTK1 )t(Z( l2)#NUMREZ)t (Z( 13)tETH )#(Z( 10p)eUM.4 )# SET 610
4(Z( 15)PRHINIT)P(Z( 16)tPROJI )t (Z( 17)tUN17 )r(Z( 18)PXMAX )p SET 620
5(Z( 19)tNZ )#(Z( 20)PNREZ )p (Z( 21)tAMDM )#(Z( 22)tUVMAX )r SET 630
6%'?( 23)tUN23 )t(Z( 24h#DMIN )t (Z( 25)t~JSTR )PCZ( 26)PDTNA )# SET 640
7(Z! 27)tCVIS )P(Z( 28)tSTK2 )p (Z( 29)rSTEZ )#(Z( 30)#NC )p SET G50
8(Z( 31)tJN31 )t(Z( 32)vNRC )p (Z( 33)PIMAX )t(Z( 34)#IMAXA )p SET ý16O
9(Z( 35)#JMAX )#(z( 36)PJMAXA )p (Z( 37)PKMAX )t(Z( 38)tKMAXA )SET 670
EQUIVALENCE SET 680
1(Z( 39)tBOTM )#(Z( 40)rB0TMV )p (Z( 41)tNUMSPT)t(Z( 42)PCZERO )t SET 690
2(Z( 43)#NUMSCA)PIZ( 44)#PRLIM )p (Z( 45)#PRDELT),'CZ( 46)tPRFACT) SET 700
EQUIVALENCE SET 710
1 (Z( 47)tIl )#.(Z( '+8)uI2 )t (Zoo 49)PIPCYCL)P(Z( 50)tTSTOP )p SET 720
2(Z( 51)#RHOFIL)#(Z( 52) VTARGV )p (Z'% 53)vN3 ).-(Z( 54)oIVARDY)t SET 730
3(Z( 55)PVT )r(Z( 56)PN6 )p (Z ( 57)1eRTM )P(Z( 58),IRTMV )t SET 740
4(Z( 59)#UN59 )#(Z( 60)PNlO )t (Z( 61)itNll )#(Z( 62)PGAMMA )p SET 750
5(Z( 63hrTOPM )#(Z( 64)PBOTMU )t (Z( 65)tSN )#(Z( 66)PTOPMV )r SET 760
6(Z( 67),PRYB0T)#(Z( 68)PPRYT0P)t (Z( f9)rPRXRT )#(Z( 70)PCYCPH3)t SET 770
7(Z( 71)PREZFCT~t(Z( 72hrTARGI )t (Z( 73)PPROJU )t(Z( 74)tBBOUND)t SET 780
8(Z( 75)iE~VAP )#(Z( 76)vECK )t (Z( 77)#,NECYCII-.(Z( 78)#11 )t SET 790
9(Z( 79)PJ.J )P(Z( 80)#NMP )p MZ 81)PY2 ):(Z( 82)tEZPH1 SET 800
EQUIVALENCE SET 810
1(Z( 83)#IVARDX) v(Z( 84)tT )t MZ 85)PNMPMAX),(Z( 86)PPMIN )p SET 820
2(Z( 87)tINTER )#(Z( 86)#TAYBOT'It (Z( 89)PTAYTOP)t(Z( 90)PIEMAP )p SET 830
3(Z( 91)eMC )t(Z( 92)PMR )p (Z( 93)PMZ )#(Z-( 94)tMB )SET 84L0
EQUI VALENCE SET 850
1(Z( 95 ) REZ )P(z( 96)tNODUMP)p (Z( 97)tUN97 )P(Z( r,8hUN98 )v SET 860
2(Z( 99)*UN99 )P(Z(100htEVAPM )p (Z(101),EVAPEN),(Z(l)2)CW7.APMU)t SFET 870
3(Z(103)#EVAPMV)t(Z(104)#EZPH2 )p (Z(1O5IeSNL )#(ZC106)PSTL )# SET 880
4(Z(107)PTAXRT )rtZC106)#IDNMAP)t (Z(109)PIPRMAP)t(Z(110)tROEPS )t SET 890
5(Z(111),RHINI )tCZ(112)tVýNI )v CZ(113)PFINAL )vCZC114)#IVMhP )p SET 900
6(Z(115)PRHOZ )e(Z(116)PESA )t (Z(117)#ESEZ )t(ZC118)#ESB )# SET 910
7(Z(119)PESCAPA)t(Z(120)#ESESP )v (Z(121)PESESQ )t(Z(122)tESES )p SET 920
8(Z(123),ESALPH)e(Z(124)tESBETA)p (Z(125)vESCAPB)*CZ(1261vIUMAP )p SET 930
9(Z(127)tSSl )#(Z(128)tSS2 )p (Z(129)PUMIN )P(ZU130)PSS4 )SET 940
EQU IVALENCE SET 950
1(Z(131)rPRTIME)#(Z(132)pEOR )t (Z(133)tE0T )#(Z(134ltEOB )p SET 960
2(Z(135)PEMOR )#(Z(136)PDXF )p (Z(13?)PDYF )tCZ(138)PRHOMIN)o .SET 970
3(Z(139)PSTAB)p (Z(140)tXIENRG)t CZ(141)tXKENRG)t (Z(l42)#XTENRG;tSET 980
4(Z%143)#STT )#(Z(144)PDTMIN )# (Z(145)pTRNSFC)p(Z(146)rEMOT )p SET 990
5(Z(147)#.JPR0J )P(Z(148)FCNAUT )p %'Z(149)tBBAR )PCZC150)PEMOB )SET1000

C SET1010
C** SPECIAL EQUIVALENCES FOR SETUP ONLY SET1020
C SET1030

EQUIVALENCE (RADIUSPK(12))# (YCENTRPPK(lZ'V)#e (RHOSPH#Z(100))# SET1O4O
1 (SIESPHPIZ(101))# (VINSPHtZ(102))FCRHOOUT..Z(103)) SET1050

C. SET1060
COMMON/ SPHERE /ADDVLt AREAFCt ISPHMX# LJCENTRP JSPHBTP JSPHTP# SET1070
1 RSQRDp VOLSPHP XL2 tXR2 p YBOTTtMe YC2 f SET1080
2 YDIFFBt YDIFFIr YDIF'Op YDIi'FTt YLINTA* YLINT8P SET1O9O
3 YLOWERt YRINTAP YRINTts, YTOP. r YUPPER- SET1100

c SET1110
C * ~*.*.*e* o. . 0**** .o.e .. E12
C. SET113C
C , END OF COMMON SET1140
C. SET1150
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C eeg....so....0@eeegeeoee 05*S@09ee6e.e..ee.eeeeese.es.e..... SET1160
C SET1170

IF (IVARDOvGT90) GO TO 30 SET1180
C LT1190

"C *** IF DY VARIABLEPY(I) WILL BE READ IN RATHER THAN SET1200
C CALCULATED* SETI210
"C SET1220

YC1)=DYF SET1230
DO 10 J=ZPJMAX SET124O
Y(J)=Y(J-I)+DYF SET1250

10 CONTINUE SET1260
C SET1270
" *** IF DY VARIABLE* DY(I) WILL BE CALCUt.ATED FROM THE Y(I) SET1280
C READ IN- IF DY.CONSTANTP DYCI) WILL EQUAL OYF FOR SET1290
C ALL I* SET1300
C SET1310

00 20 I=I#JIAX SET1320
20 DY(I)=DYF SET1330

GO TO 50 SET1340
C SET1350
C ** CALCULATE VARIABLE DYCI). SET1360
30 UO 40 I=IPJMAX SET1370
40 DYCI):Y(I)-Y(I-1) SEi1380
s0 CONTINUE SET1390
C SET1400
C s** IF DX VARIABLE.X(I) WILL BE READ IN RATHER THAN SET141O
C CALCULATED SETI420

_c SET1430
IF (IVARDX.GToO) 60 TO 80 SET1440
XClI)OXF . SET1450
DO 60 I=2pIMAX SET1460
XCI)=X(I-1)+DXF SET1470

60 CONTINUE SET1480
C SET 1490O
C ** IF OX VARIABLEP DXCI)WILL BE CALCULATED FROM SET1500
C THE X(I) READ IN. IF. DX CONSTANTP DX(I) WIj.L' SET1520
C EQUAL DXF FOR ALL I SET1525
C. SET1530

00 70 I=1,MAX SET154O
DXCI)=DXF SET155O

70 CONTINUE SET1560
Go TO 100 SET1570

1 SET158B0
0** CALCULATE VARIABLE DXCI) SET1590
C SET1600
80 00 90 I=IPIMAX SET1610
90 DXCI)=X(I)-XCI-l) SET1620
C •**s MAKE SURE DX AND DY ARRAYS HAVE BEEN DEFINED. SET1625
95 IF (DX(C)oGT.O.,ANDoDY(C),GT,0O) GO TO 100 SET1630

GO TO 770 SLT1640
100 CONTINUE SET1650S C. SET1660
C.s PKC3) = -3. WHEN RESTARTING FROM A CLAM TAPE. SET1662
C. PROPERTIES OF CELLS HAVE ALREADY BEEN DEFINED SET1664
C, BUT TRACER POINTS HAVE NOT. SET1666
" IF (PK(3).EQ.(30)) GO TO 700 SET1670

C* PRYBOT=-. MEANS THE PROJECTILE PACKAGE SET1672

I.. .
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I C IS NOT BEING USED. SE7167L4
IF (P8TdUT*Ll.U.) 60 TO 200

c** OEFINE CELL iOUNDARIES (MB#MCPMR) OF PROJECTILE SET1690
PACKAGE. SET1695

IF (IVARUY.GT.O) GO "O 110 SET1700
C- *** CALCULATION FOR CONSTANT DY, SET1705

Md=INT(PRYBOT/DYF+.5)+1 SET1710
IF (MBoGT.JMAX) GO TO 200 SET1720
M1l SET1733
MC=INT(PRYTOP/DYF+.5) SET1740
IF (MC.GTaJMAX) MC=JMAX SET1750
GO TO 16L SET1760

C *** CALCULATION FOR VARIABLE DY. SET1765
310 DYSUM:O, SET1770

1=0 SET1780
C *** SEARCH FOR J-VALUE OF BOTTOM OF PROJECTILE (MB). SET17B5

IF (PRYBOT.EQ.0.) GO TO 130 SET1790
DO 120 I=IPJMAX SET1800
DYSUM=DYSUM+DY(I) SET1810
IF (PRYaOT.LT.DYSUM+,5*DY(I+1),AND.PRYBOT.GEDYSUM-.5*DY(I)) GO TOSET1820

1 130 SET1830
120 CONTINUE SET184O

GO TO 200 5ET1850
130 MB=MINO(I+1,JMAM ) SET1860

M=l SET187O
C ss* SEARCH FOR J-VALUE OF TOP OF PROJECTILE (MC). SET1875

DO 140 I=MB#JMAX SET1880
DYSUM=DYSUM+DY(I) SET1890
IF (PRYTOPGE.DYSUM-,5*DY(I),AND.PRYTOP.LTDYSUM+.5*DY(I+1)) G6 TOSET1900

1 150 SET1910
"140 CONTINUE SET1920

MC=JMAX SET1930
GO TO 160 SET1940

150 MC=I SET1950
C *** CALCULATION OF I-VALUE OF RIGHT SIDE OF PROJECTILE (MR)SET1955
160 IF (IVARDXoGT.O) GO TO 170 SET1960
C *** CALCULATION FOR CONSTANT DX. SET1965

MR=INT(PRXRT/DXF+.5) SET1970
IF (MRoGT.IMAX) MR=IMAX SET1980
GO TO 210 SET1990

C *** CALCULATION FOR VARIABLE DX* SET1995
170 DXSUM=O. SET2000

DO 130 I::1PIMAX SET2010
DXSUM;DXSUM+DX(I) SET2020
IF (PRXRT.GE.DXSUM-.5*DX(I).AND.PRXRTLT.DXSUM+.5*UX(I+1)) GO TO 15ET2030

190 SET2040
180 CONTINUE SET2050

MR=IMAX SET2060
GO TO 210 SET2070

190 MR=I SET2080
GO TO 210 SET2090

C ** M=O MEANS THE PROJECTILE PACKAGE IS NOT BEING USED. SET2100
-200 M=O SET2110

C **, TAYBOT=-le MEANS THE TARGET-PACKAGE IS NOT BEING USED* SET2115
210 IF (TAYBOT.LT.0,) GO TO 310 SET2120
C *** DEFINE CELL BOUNDARIES(MZ#NrME) OF TARGET PACKAGE. SET2130

IF (IVARDY.GT.0) GO TO 220 SET2140
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C ** CALCULATION FOR CONSTANT DY. SET2145
MZ=INT(TAYBOT/DYF+.5)+* SET2150
IF CMZ.GT.JMAX) GO TO 310 SET2160
40=1 SET2170

"N=INT(TAYTOP/DYF+,5) SET2180
I IF CNoGToJMAX) N2JMAX SET2190
60 TO 270 SET2200

C ** CALCULATION FOR VARIABLE DY. SET2205
220 DYSUm=O: SET2210

1:0 SET2220
C. s* SEARCH FOR J-VALUE OF BOTTOM OF TARGET (MZ)* SET2225

IF (TAYBOT.EQ.0w) 60 TO-240 SET2230
DO 2.30 I=IPJMAX SET2240
DYSUMIDYSUM+DY(I) SET2250
IF (TAYBOT.GEDYSUI-.5*DYCI),AND.TAYBOTLTDYSUM+5*rDY(I+1)) GO TOSET2260

S240 SET2270
230 CONTINUE SET2280

60 TO 310 SET2290
240 MZ=MINOCI+IPJMAX) SET2300

M0l1 SET2310
C SEARCH FOR J-VALUE OF TOP. OF TARGET (N)M SET2315

DO 250 I=MZPJMAX SET2320
DYSUM=DYSUM+DY(I) SET2330
IF (TAYTOPGE.DYSUM-'5*D¥YI) .ANDTAYTOPLT.DYSUM+,5*DY (I.)) GO TOSET2340

1 260 SET2350
250 CONTINUE SET2360

N:JMAX SET2370
60 TO 270 SET2380

260 N=I SET2390
C *** CALCULATION OF I-VALUE OF RIGHT SIDE OF TARGET(ME), SET2395

.'270 IF (IVARDX*GT.O) 60 TO 280 1 SET24O0
C. *** CALCULATION FOR CONSTANT, DX. SET2405

ME=INT(TAXRT/DXF+.5) SET241O
IF.(ME.GToIMAX) ME=IMAX SET2420
60 TO 320 SET2430

C *** CALCULATION FOR VARIABLE DX, SET2435
280 DXSUM=O* SET2440

00 290 IZIIMAX SET2450
DXSUM=DXSU*+DX(I) SET2460
IF (TAXRToGE.DXSUM-.5*DX(I).ANDTAXRTLT.,DXSUM+95*DX(I+1)) GO TO 3SET2470

100 SET2480
"290 'CONTINUE SET2490

ME=IMAX SET2500
GO TO 320 SET2510

300 ME=I SET2520
GO TO 320 SET2530

C *** MD 0 MEANS THE TARGET PACKAGE IS NOT BEING USED. SET2540
310 MD=O SET2550
320 KNAX=11AXsJMAX+1 SET2560

KMAXA=KMAX+l SET2570
JMAXA=JMAX+l SET2580
IKAXA=IAX+L . 5ET2590

C *** IIITIALIZE PROPERTY ARRAYS. SET2595
DO 330 K:1uKMAX SET2600
U(K):=00 SET2610

- V(K):.0 SET2620
P(K):OO SET2630
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SAMX(K)=OoO SET2640
AiX(K):O.O SET2650

330 CONTINUE SET2660
PIDY=3.1415927 SET2670
WS=X(1)t*2 SET2680C*** CALCULATE CELL-FACE AREA, THE AREA GENERATED BY SEGMENTSET2682

C X(1),X(I+1) ROTATED ABOUT THE Z-AXIS. SET2684
TAU(1)=PIDY*Wb SET2690
DO 34U0 I=2IMAX SET2700
WSA=X(I)**2 SET2710
TAU(I)=P!DY*(WSA-WS) SET2720
WS=WSA SET2730

340 CONTINUE SET2740
ETH=OO SET2750

C *** RADTUS.GT.0O MEANS SPHERE IS TO BE USED. SET2760
C SEE SPECIAL EQUIVALENCES FOR SETUP FOR LOCATION SET2770
C OF PARAMETERS DEFINING DIMENSIONS AND PROPERTIES OF SET2780
C SPHERE, S5-T279G

IF (RADIUSLE.O°) GO TO 540 SET2850
C *** COMPLTE ISPHMX, lHE I-INDEX OF THE RIGHT-MOST ZOLUMN SET2860
C C'. .TAINING A PART. OF THE SPHERE* SE12870

DO 350 I1=,IMAX SET2900
IF (X(I),GERADIUS-,OO0001*DX(I)) GO TO 360 SET2910

350 CONTINUE SET2920
360 iSPHMX=I SET2930

TOTSPH=O. SET2940
C *** COMPUTE JCENTR=J-INDEX OF SPHERE-CENTER SET2950

DO 370 J=OPJMAX 5ET2960
IF ((Y(J)+*5*DY(J+1)),GTYCENTR) GO TO 380 SET2970

"370 CONTINUE SET2980
C *** YCENTR SHOULD FALL ON CELL BOUNDARY# SET2990

.C PRINT OUT INPUT VALUE AND ADJUSTED VALUE., SET3000
.380 WRITE (6#790) YCENTRY(J) SETSOO

YCENTR=Y(J) SET3020
JCENTR=J SET3030

C COMPUTE JRADA AND JRADB* SET3035
C *** JRADB = THE NUMBER OF CELLS CONTAINING A PART OF THE SET3040
C SPHERE FROM THE CENTER TO BOTTOM EDGE SET3050
C *** JRADA = THE NUMBER OF CELLS CONTAINING A PART OF THE SET3060
C SPHERE FROM THE. CENTER TO TOP EDGE. SET3070

JRADB=O SET3080
JRADA=O SET3090
JB=JCENTR SET3100
JA=JCENTR+l SET3110
SUM1=O, SET3120
SUM2=O, SET3130
IF (JCENTREQO) GO TO 400 SET3I4O

390 SUM1=SUM1+DY(JB) SET3150
JB=JB-1 SET3160
JRACB=JRADB+l SET3170
IF (SUMl.LT.(RADIUS-000001*DY(JB))) GO TO 390 SET3180

400 SUM2=SUM2+DY(JA) SET3190
JA=JA+l SET3200
JRADA=JRADA+l SET3210
IF CSUM2,LT.(RADIUS-00000i*DY(JA))) GO TO 400 5ET3220

C *** COMPUTE(1)JSPHTP=J-INDEX OF UPPER-MOST ROW SET3230
C WHICH CONTAINS PART OF THE SPHERE SET3240
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(2)JSPHBT=J-I-•DEX OF LOWEST ROW S•T3250

JSPHBT=MAXG(lrJCENTR-JRADB+l) 3ETS270
JSPHTP=MINO(fJMAlvAJCENTR+JRADA) SET3280

C. SET3290
, YC2=YCENTR**2 SET3300

RSQRD=RADIUS**2 "tT3310
C **s FOR EACH CELL IN RECTANGLE FROM X=O. c.T3320
C *** TO X=(ISPHMX-1)*DXF AND FROM SE73330
c ** Y=(JSPHBT-I)*DYF TO Y=(JSPHTP)*DYF SET3340
C *** FIND VOLSPH=VOLUME OF SPHERE IN CELL K SET3350
C *.* AND SET MASS AND SPEC. INT, ENERGY. SET.3360

00 530 I=:1ISPHMX SET3370
K=(JSPHBT-I)*IMAX+I+1 SET3380

C *** X(I-I)=VALUE OF X AT LEFT OF COLU14N SET390
.*s X(I)=VALUE OF X AT RIGHT OF COLUhf.' SET3400

XL2=(XCI-1))**2 SET3410

XR2=(X(I))**2 SET3420
C *** YLINTA= -tEFT-INTERCEPT-ABOIEwCENTER SET"3430
C. ** YLINTB=Y-LEFT-INTERCEPT-BELOW-CENTER SET3440

W3=SQRT(RSQRD-XL2) SET3450
YLINTA=YCENTR+WS SET3460

YLINTB=YCENTR-WS SET3470
C *** DOES CURVE INTERSECT X=X(I) SET3480

IF (RSQRD.LE.XR2) GO TO 410 SET'3490
C *** YES SET3500

WS=SQRT(RSQRD-XR2) SET3510
YRINTA=YCENTR+WS SET3520
YRINTB=YCENTR-WS SET3530
60 TO 420 SET3540

410 YRINTA=YCENTR SET3550
YRINTB=YCENTR SET3560

420 CONTINUE SET3570
DO 520 J=JSPHBTPJSPHTP SET361O

C *** SKIP IF SPECIAL CELL SET3620
IF (AMX(K)*NE,0,) GO TO 520 SET3630
YTOP=Y(J) SET3640
YBOTTM=YiJ-l) SET3650
YDIFFT=(YTOP-YCENTR)**2 SET3660
YDIFFB=(YBOTTM-YCENTR)**2 SET3670
YDIFFO=AMAX1(YDIFFT#YDIFFB) SET3680
YDIFFI=AMIN1(YDIFFTPYDIFFB) SET3690

S*** IS ALL OF CELL WITHIN SPHERE BOUNDARY. SET3695

IF ((YDIFFO+XR2).GT.RSQRD) 60 TO 430 SET3700
*** YES. DEFINE VOLUME OF CELL. SET3705

VOLSPH=TAU(I)*DY.(J) SET3710
GO TO 470 SET3720

C*** NO. IS ALL OF CELL OUTSIDE SPHERE BOUNDARY. SET3725
430 IF ((YDIFFI+XL2).LT.RSQRD) GO TO 440 SET3730
C *** YES. SET3735

VOLSPH=O. SET3740

GO TO 51b SET3750

C ** NO* PART OF CELL IS WITHIN SPHERE* COMPUTE VOLUME SET3752
C OF PART OF CELL INSIDE THE. SPHEPE ANP STORE SET3754

C IN VOLSPH, SET3756

440 IF (J.GT.JCZNTR) 60 TO 450 SET3760

, " YLOWER=AMAXl(YBOTTM#YLINTB) SET3770
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YUPPER=AMINI(YrOP,YRINTB) SET37DOA00VLZ(YTO0F-YUFPER)*TAU{I} SE T %,'7 9

GO TO 460 SET380o
450 YLOWER=AMAX1(YBOTTM#YRINTA) SET3810

YUPPER=AMINI(YTYý,'YLINTA) SET3820
ADDVL=(YLOWER-YBOTTM)*TAU(I) SET3830

"4bo VOLSPH=AJDVL+PIDY*((RSQRD-YC2-XL2)*(YUPPER-YLOWER)-(YUPPER**3-YLOWSET3840
1ER**3)/3o+YCENTR*tYUP?ER**2-YLOWER**2)) SET3850

470 WS=VOLSPH*RHOSPH SET3860
AMX(K)=WS SET3870

C *** CHECK WHETHER THE CELL IS FULL SET3880
WSA=TAU(I)*DY(J) 5ET3890
WSB=WSA-VOLSPH SET3900
IF (ABS(WSB/WSA),LT.ROEPS) GO TO 490 SET3910

C *** ADD RHOOUT MATERIAL TO CELL. SET3920
WSB=WSB*RHOOUT SET3930
AMX(K)=WS+WSB SET3940

C *** CHECK WHETHER MASS IS TOO SMALL TO KEEP SET3945
IF(AMX(K)/WSALT*EVAP*RHINI) GO TO 510 5ET3950

C *** USE A WEIGHTED AVERAGE OF THE PROPERTIES OF THE SPHERE SET3960
C AND THE PROJECTILE FOR CELLS PARTIALLY IN THE SPHERE. SET3965

AIX(K)=(WS*SIESPH+WSB*PROjI)/AMXtK) SET3970
V(K)=(WS*VINSPH+WSB*VINI)/AMX(K) SET'980
GO TO 500 SET3990

C *,* ESSENTIALLY ALL OF CELL'IS IN SPHERE SET4030
49U AIX(K)=SIESPH SET4040

V(K)=VINSPH SET4050
-C *** SUM SPHERE VOLUME SET4060

500 TOTSPH:TOTSPH+VOLSPI SET4070
GO TO 525" SET4080

510 AMX(K)=O, SET4090
C *s* END OF J-LOOP SET4100
520 K=K+IMAX SET4110
C ** END OF I-LOOP SET4120
530 CONTINUE SET4130
540 WRITE (6,800) RHOSPHRHINIRHINITRHOFILSIESPHPROJITARGIVINSPHSET4140

l1VINITARGVtPROJUPRADIUSPRYTOPTAYTOPtYCENTRtPRYBOTtTAYBOTtPRXRTDSET4150
2TAXRT SETL4160

C *-* RESET BORROWED Z-STORAGE TO ZERO. SET4162
EVAPM 3 0. SET4164
EVAPEN Oo SET4166
EVAPMU = 00 SET4163
EVAPMV Oo SET4169

C- *** M=O MEANS THE PROJECTILE PACKAGE IS NOT BEING USED* SET4170
IF (MoEQoO) GO TO 610 SET4220
DO 690 I=MMR SET4230
K=(MB-1)*IMAX+I+1 SET4240

C *** ASSIGN PROPERTIES TO CELLS IN PROJECTILE. SET4250
DO 590 JZMBPMC SET4260
IF (AMX(K)oNE,0O) GO TO 550 SET4270
AMX(K)=RHINI*DY(J)*TAU(I) SET4280

) IF (V(K),NE*0O) GO TO 560 SET4290
V(K)=VINI SET4300

560 IF (U(K)sNE90) GO TO 570 SET4310
U(K)=PROJU SET4320

570 IF (AIX(K)oNE*O,) GO TO 580 SET4330
AIX(K)=PROJI SET4340
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500 CONTINUE S&43ýO590 K=K÷IMAX SET4360

6U0 CONTINUE SET4370
C *** MDO MEANS THE TARGET PACKAGE IS NOT BEING USED. SET4380

-610 IF CMD*EQ*O) GO TO 650 SET4390
C *** ASSIGN PROPERTIES TO CELLS IN TARGET. SET4395

DO 040 I=MDNiE SET4400
K=(MZ-I)*IMAX+I+÷ SET4410
DO 630 J=MZ#N SET4420
IF (V(K),NEoO,) 60 TO 620 SET4430
V(K)=TARGV SET4440
IF (AMX(K).NEo0O) GO TO 630 SET4450
AMX(K)=RHINIT*DY(J)*TAU(I) SET4460

620 AIX(K)=TARGI SET4470
biO K=K+IMAX SET4480
640 CONTINUE 5ET4490
650 CONTINUE SET4500
C SET4510

CYCLE=09, SET4520
DT=0,0 SET4530
NREZ=NUMREZ SET4540
NZ=1 SET4550

C *** RHOFIL=Oo WHEN THERE IS NO FILLER MATERIAL BETWEEN SET4560
C PROJECTILE AND TARGET. SET4565

lF (RHOFIL.EQO.) GO TO 680 SET4570
C *** FILL BETWEEN PACKAGES WITH MATERIAL OF DENSITY=RHOFIL, SET45BO

MC=MC÷1 SET4590
MZ=mz-1 SET4600
DO 670 I=IPIMAX SET4610
K=(MC-1)*IMAX+I+l SET4620
DO 660 J=MCPMZ SET4b30
AMX(K)=RHOFIL*DY(J)*TAUCI) SET4640

660 K=K+IMAX SET4650
b70 CONTINUE SET4660
680 N3:O SET4670
C *** PK(14),GT,0O MEANS COME CELLS WILL BE DEFINED SET4672

C AFTER PACKAGES ARE SLT UP, SET4674

IF (PK(14),GT*0O) CALL CARDS SET4680
C s** CALCULATE INITIAL VALUE OF TOTAL ENERGY TO BE ADJUSTED SET4682
C WHEN MATERIAL IS EVAPORATED OR CROSSES A TRANSMITTIVE SET'684
C BOUNDARY AND TO BE USED IN EDTT TO CHECK ERROR IN SET4686
C ENERGY SUM. SET4688

DO 690 K=2pKMAX SET4690
ETH=ETH+AMX(K)*{,5*(U(K)**2+V(K)**2)+AIXCK)) SET4700

b'O CONTINUE SET4710

XMAX=X(IMAX) SET4720
TXMAX=XMAX*2,0 SET4730
YMAXZY(Jt4AX) SET4740
TYMAX=YMAX*2.0 SET4750

700 IF (Y2.GT,(-1,)) GO TO 750 SET4760
C *** PUT TRACER POINT IN CENTER OF EVERY OTHER NONEMPTY CELLSET4770
C IN EVERY OTHER ROW. THE TRACER POINT COORDINATES OF SET4772
C EMPTY CELLS ARE (OO). SET4774

II=IMAX/2 SET4780
JJ=JS;AX/2 SET.:790

DO 720 JzlpJj SET4800

DO 720 IzlpIl SET481O

64



K=2*((J-1)*IMAX+I) SET4820
IF (AMX(K)9EG.Oo) GO TO 710 SET4830
XP(IPJ)=FLOAT(2*I-t)-.5 SET4840
YP(IPJ)=FLOAT(2*J-1)-.5 SET4850

710 NMP=NMP+l SET4860
C *** NMPMAX IS THE MAXIMUM NUMBER OF TRACER POINTS TO SET4862
"C BE USED AND IS DEFINED IN THE INPUT DECK. SET4864

IF (NMPoGE9NMPMAX) 60 TO 730 SET4870
720 CONTINUE SET4880

GO TO 740 SET4890
730 OJ=j SET4900
C *** N3=1 MEANS TRACER POINTS ARE BEING USED# ADDING SET4902
C ONE MORE RECORD TO EACH TAPE DUMP. SET4904
740 N3=1 SET4910

750 REWIND 7 SET4920
WS=555o0 SET4930

C WRITE OUTPUT FOR OIL ON TAPE. SET4940
WRITE (7) WSPCYCLEPN3 SET4950
WRITE (7) (Z(I),I=1,MZT) SET4960
WRITE (7) (U(I),V(I),AMX(I),AIX(I)PP(I)pI=,1KMAXA) SET4970
WRITE (7) X(O)t(X(I),TAU(I)pJPM(I)}I=1eIMAX) SET4980
WRITE (7I (Y(I)pI=OJMAX) SET4990
IF (Y2.GT*(-1.)) GO TO 760 SET5000
WRITE (7) ((XP(I,J),YP(IJ),I:lII)pJ=ltJJ) SET5010

760 WR:TE (7) (DX(I)tI=,1IMAX) SET5020
WRITE (7) (DY(J),J=1wJMAX) SET5030
WS=666oO SET5040
WRITE (7) WStWS':lS SET5050
GO TO 780 SET5060

C *** DX AND/OR OY ARRAY NOT PROPERLY DEFINED. SET5062
C CHECK VALUE OF DXF AND DYF IF ZONES ARE CONSTANT. SET5064
C IF VARIABLEr CHECK LOCATION NUMBERS USED FOR SET5065
C READING IN X AND/OR Y ARRAY R.SPECIALLY IF ANY SET5066
C VARIABLE DIMENSIONS WERE CHANGED* SET5068
770 NK=95 SET5070

NR=2 SET5080
CALL ERROR SET5090

780 RETURN SET5100
C SE751O
790 FORMAT (/5XP15HINPUT YCENTR = t1PE12.6,6Xt18HADJUSTED YCENTR tlPSET5120

1E1296) SET513Y
800 FORMAT (////17X#18HINITIAL CONDITIONS//1IXP6HSPHEREt'3X,9HPACKAGE SET5140

11,21H PACKAGE 2 FILLER//BH DENSITYu1P1E1294t6Xr1P3E12,4/8H SSET5150
2IoEotlPlEl2 o 4t6Xr1P2E12.4/8H VlP1E12*.4,6Xr1P2E12.4/8H SET5160
3 U,13XplP1E12.4/8H RADIUStlP1E12.4,5Xr3HTOPlP1EIO,4,lP1E12.4/8H SET5170
4YCENTERlPlE12,4,2X,6HBOTTOMtlP1ElO.491P1El2,4/23XP5HRIGHTD1P1ElEOSET5180
54vlP1E12c4) SET5190

END SET5200-
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tSUBROUTINE CDT CDT 10

DIMENSION AMX(2502)tAIX(2502)#U(2502) tV(2502) tPC2502) t CDT 4+0
2 Y(102) rYY(1O4) PFLEFT(102)r YAMC(102)p SIGC(1O2)p CDT 60

7. RSN(52)t RST(52)p CDT 110

DX(5) #DX(5) PD(102 PDY(10) rCDT 130

C **DIMENSIONED ARRAYS CDT 150
C**Z-BLOCK IS SAVED ON TAPE*.D 6
CCMMON ZCD17
COMMON PK CDT 180
COMMON YYP XXCD19
COMMON DDXt DOYCD20
COMMON AMXP AIX, Up Vt PCD21
COMMON TAU# JPMCD20

eCOMMON UL t PLCD23
COMMON XP r YPt CMXPr CM4YP CDT 240

C.** NON-DIMENSIONED VARIABLES CDT 250
COMMON AID PAMMV PAMMY rAMPY PAMUR tAMUT tAMVR r CDT 260
1AMVT POELEB tOELER tDrLETPDELM rDTOGX PDXYMINPEAMMP PEAMPY r CDT 270
2E tERDUMPPI P13 PIWS tj pJ( PKA PKB p CDT 280
3LL #14D iME PMZT rNEiRR :NK PNPRINTP CDT 290
4NR PNRZ PNULLE vPIDTS PSIEMIN#SNR rSNT PSTR PSOLID t CDT 300
5SUM FTESTRHPTWOPI PURR PWS PWSA ,WSB PWSC PWFLAGFP CDor 310
6WFLAGLPWFLAGP CDT 320

'C CDT 330
c * THE FOLLOWING EQUIVALENCES MAKE AVAILABLE CDT 340

*C X(0)s Y(0)p DX(O)p DY(O) CDT 350
C CDT 360

jEQUIVALENCE (XX(Z)t X(l))r (YY(2)p Y(l)) CDT 370
EQUIVALENCE (DDX(2)p DX(1))# (DDY(2ie DY~l)) CDT 380

C. CDT 390
C **SPECIAL EQUIVALENCES FOR PH2 ONLY. CDT 400

*C CDT 410
EQUIVALENCE (ULPFLEFT)p (UL(103)tYAMC)p CDT 420
1 (PLPGAMCPPR)t (PL(103)#SIGC) CDT 430

(1 CDT 440
C. * SPECIAL EQUIVALENCES FOR PH3 ONLY CDT 450
C. CDT 460

EQUIVALENCE (ULPRSNiu CDT 470
1 (PLPRST)t (PrUK)r CDT 4+80
2 (P(157)#VK)t (P(313)PSNB)o CDT 4+90
3 (C6)SB,(P(417)PRHO) CDT 500

C **SPECIAL'EQUIVALENCES FOR EDIT CDT 520
C CDT 5`0

EQUIVALENCE (PRU.)p I.J)t (PR(6)t JK) CDT 540
C CDT 550
C **Z-STORAG;-. EQU.IVALENCES CDT 560
C, CDT 570

EQUIVALENCE (Z( 1),PROB )P(Z( 2),'CYCLE*)r CDT 580
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j1(Z( -3r) )P(Z( 4)tNUMSP )t(Z( 5)PNFRELP)P(Z( 6)oNDUMP7)t CDT 590
2(Z( 7)PICSTOP)P(Z( 8hPPIDY )t (Z( 9)tTOPMU )#(Z( 10)PRTMU )p CDT 600
3(Z( l1)tcSTK1 )P(Z( 12)PNUMREZ)t (Z( 13)pETH )t(Z( 14)PUN1'i 't CUT 610
4.(Z( lb)PRHINIT)t(Z( 3-6)vPPRJI )p (Z( 17hFUN17 )e(Z( 18)tXMAX )p CDT 620
5(Z( 19)oNZ )#(Z% 20)tNREZ )p (Z( 21)tAMDM )P(Z( 22hpUVMAX )p CDT 630
6(Z( 23)tUN23 )t(Z( 24)tDMIN )t (Z( 25)PJSTR )P(Z( 26)#DTNA )p CDT 640
7(Z( 27)PCVIS )P(Z( 28)tSTK2 )t (Z( 29)PSTEZ )P(Z( 30)tNC )s CDT 650
B(Z( 31)tUN31 )P(Z( 32)PNRC )t (Z(. 33)PIMAX )P(Z( 314'LIMAXA )p CDT 660
9(Z( 3b)PJMAX )t(a( 36)PJMAXA )t (Z( 37)FKMAX hr(Z( 38)tKMAXA CDT 670
EQUIVALENCE CDT 680
1(Z( 39),c3OTM )P(Z( 40)PBOTMV )v (Z( 41)PNUMSPThP(Z( 42)tCZERO )t CDT 690
Z(Z( 43)pNUMSCA)t(Z( L44)PPRLIM )p (Z( 45)PPRDELT)r(Z( 46)tPRFACT) CDT 700
EQUIVALENCE CDT 710
1(Z( 147)pIl )P(Z( '+8)PI2 )t (Z( 49)PIPCYCLht(Z( 50)PTSTOP )o, CDT 720
2(Z( 51)PRH0FIL)P(Z( 52)PTARGV )t (Z( 53hPN3 )P(Z( 5'i)PIVARDY)p CDT 730
3(Z( 55)rVT )#(Z( 56)PN6 )v (Z( 57)PRTM )#CZ( 58)PRTMV )t CDT 740
4+(Z( 59)rUN59 )P(Z( 6OhtNIO )j, (Z( 61) pNll )P(Z( 62)tGAMMA )t CDT 750
5(Z( 63)PTOPM )t(Z( b6fhE3OTMU )p (Z( 65)PSN )#(Z( 66) eTOPMV )t CDT 760
6(Z( 67)tPRYt3OT)t(Z( b8)#PRYTOP)p (Z( 69) PPRXRT )t(Z( 70) ,CYCPH3)t CDT 770
7(Z( 71),REZFCT)P(Z( 72)tTARGI )t (Z( 73)PPRO.JU )e(Z( 7L&)PBBOUND)t CDT 780
8(Z( 75)tEVAP )e(Z( 76) vECK )r (Z( 77) ,NECYCL)PC- '78)#11 )t CDT 790
9(Z( 79)tJJ )P(Z( 80)PNMP )p (Z( 81)PY2 % " 82)#EZPH1 CDT 800
EQUIVALENCE CDT 810
1(Z( 83)#IVARDX)r(Z( 84)tT )p (Z( 85)tNI4PMAX)t(Z( 86)#PMIN )p CDT 820
2(Z( 87)PINTER )'(z( 88)PTAYBOT)t (Z( 89)tTAYTOPhP(Z( 90)PIEMAP )p CDT 830
3(Z( 91)tMC )PCZ( 92)PMR )f (Z( 93)?MZ )P(Z( 94)PMB )CDT 840
EQUIVALENCE CDT 850

1(Z( 95)PREZ )#'%Z( 96hPNODUMP)p (Z( 97)PUN97 )t(Z( 98)PUN98 )v CDT 860
2(Z( 99)#UN99 )#(Z(100)*EVAPM )p (Z(101),EVAPEN),CZ(102),EVAPMU), CDT 870
3"(Z(103),EVAPMV),(Z(104),EZPH2 )v (Z(105))SNL )#(Z(106),STL )p CDT 880
4(Z(107),TAXRT )P(Z(108)#IDNMAP)p (Z(109)vIPRMAP)p(Z(110)pROEPS )t CDT 890
K(Z(111)tRHINI )t(Z(112)tVINI )p (Z(113)FFINAL )t(Z(114)pIVMAP )f CDT 900
6(Z(115)PRHOZ )P(Z(116)tESA )p (Z(117$)tESEZ )e(Z(118)PESB )p CDT 910
7(Z(119)pESCAPA)r(Z(120)pESESP )p CZ(12I)PESESQ )#(Z(122)PESES )t CDT 920
8(Z(123)pESALPH),(Z(X24)PESBETA)i (Z(125)pESCAPB)t(Z(A'26)pIUMAP )p COS' 930
9(Z(127)PSS1 ),(Z(1'28)S5S2 )p (Z(129)PUMIN )#(Z(130)tSS4R CDT 940
EQUI VALE1NCE CDT 950
1(Z(131),PRTIME)F(Zt"(132)uEOR )p (Z(133)tEOT )p(Z(134)pEC.3 )p CG; 963
2(Z(135)tEMOR )P(Z(136)PUXF )t (Z(137)PDYF )t(Z(138)PRHOMIN)t CD)T 970
3(Z(139)#STAB)t (Z(14O)PXIENRG)p (Z(141)#XKENRG)t (Z(142)#XTENRG)PCDT 980
4(Z(143)#STT )t(Z(144)#DTMIN )r (Z(145)pTRNSFC~p(Z(146),EMOT )p CDT 990
5(Z(147)t~JPROJ )r(ZC148)?CNAUT )t (ZC149)tBBAR )r(ZC150)pEMO8 )CDT1000

C CDT 1010
C

* C CDT1030
C END OF COMMON CDT1040
c CDT1050
C 000Ooee 0 ,****ee. eeg**soe ... ***...CT16

C CDTIO7O
C **SPECIAL EQUIV FOR ES AND CDT CDT1080

EQUIVALENCE (RHOWu NULLE) CDT1090
C CDT1100
C ***CHECK COURANT CONDITION AND PARTICLE VELOCITY* CDT1110
c ***RECORD I AND J OF ZONE WHERE DT IS CONTROLLED# CDT1120
C ***FIRST CALCULATE PRESSURES FROM EQ. OF ST. CDT1130
C CDT1140
C CDT1220
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TRIALZO CDT1230
SRATIO=1.***i0 CDT1240

C **WSC WILL BE MAXIMUM U OR V CDT1250
WSC=O0 CDT1260
DO 60 I=it1i CDT1270
K=I+i CDT1280
DO 60 J=lPI2 CDT1290
RHOW=AMX(K)/(TAU(I)*DY(J)) CDT1330
CALL ES CDT1340

C *** IF DENSITY OF CELL K IS LESS THAN RHOMINt IT'S CDT1342
C VELOCITY OR SOUND SPEED IS NOT USED IN DETERMINING DT. CDT1344

IF (RHOW*LTcRHOMIN) GO TO 5o CDT1350
IF (ABS(P(K ),LT.PMIN) P(!.)::O. CDT1360
IF CCNAUT,GT.O.) GO TO 20 CDT1370

C CDT1380
C ***CALCULATE SOUND SPEED FOR POLYTOPIC GAS WITH CDT1390
C ***GAMMA EQUAL TO ESA+lo CDT1400

WS=SQRT(GAMNA*ABS(P(K))/RHOW) CDT141O
GO TO 40 CDT1420

C CDT1430
C ***CHECK FOR NEGATIVE PRESSURE. CDl1440

t 20. IF (P(K).GT.O.) (0 TO 30 CDT1450
C *** NEGATIVE PRESSURES NOT ALLOWED ALONG GRID BOUNDARY CDT1452
C AND NOT ALLOWED ANYWHERE UNTIL ACTIVE GRID REACHES CDT1454
C JSTR(INPUT PARAMETER FOR TURNING ON STRENGTH CDT1456
C CALCULATIONS)* CDT1458

IF ((IMAXNE.o.ANDIEQIMAX).ORJ.EQJMAX.OR,12.LTJSTR) P(K)?=O COT1460
-C CDT1470

C ***PRESSURE IS NEGATIVE OR ZERO CDT1480
WS=CNAUT CDT1490
60 TO 40 CDT1500

C COT1510
C ***PRESSURE IS POSITIVE. CDT1520
30 WS=CNAUT+BBAR*SQRT(P(K)) CDT1530

WSA=SQRT(GAMMA*P(K)/RHOW) CDT1540
WS=AMAXi(WSWSA) CDT1550

C *** WS IS SOUND SPEED OF CELL K. CDT1552
C *** WSB IS MAXIMUM OF RADIAL AND AXIAL VELOCITY OF CELL K. CDT1554
C ** WSC STOREb MAXTMUM VELOCITY OF CELLS USED TO DETERMINE CDT1556
C DT, PRINTED AS MAXUV, CDT1558
40 WSB=AMAX1(ABS(U(K))PABS(V(K))) CDT1560
- WSC=AMAXI(WSCtWSB) CDT1570

WS=AMAX1(WSPWSB) CDT1580
C *** TRIAL STORES MAXIMUM OF VELOCTY AND SOUND SPEED USED CDT15B2
STO DETERMINE DT, PRINTED AS MAXCUV, CDT1584

IF (WSoLETRIAL) GO TO 50 CDT1590
TRIAL=WS CDT1600

50 IF (WSoLE.09) GO TO 60 CDT1610
DXYMIN=AMIN1(DX(I)PDY(J)) CDT1620
RATIO=DXYMIN/WS CDT1630
IF (RATIOoGT.SRATIO) 60 TO 60 CDT1640

C *** I AND J OF CELL CONTROLLING DT STORED IN NIO-AND Nll CDT1642
C FOR PRINTOUT. CDT1644

1410=I CDT1650
Nl1=J CDT1660

- C *** SRATIO IS SMALLEST VALUE CALCULATED FOR RATIO* CDT1665
"SRATIO=RATIO COT1670
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C CDT1680
C ***END OF It J LOOP CDT1690
6C K=K+IMAX CDT1700

C IF TRIAL.LE.O. THERE IS PROBABLY AN ERROR IN THE INPJT CDT1702
C PARAMETERS FOR THE INITIAL VELOCITY# ENERGY OR DENSITY COT1704
C OF THE PACKAGES. CDT1706
6. IF (TRIAL.LE.Oo) GO TO 170 CDT1710
C *** IF FINAL.EQ.O.USE STAB FOR VALUE OF STABILITY F'ACTION CDT1720
C IF FINAL.GT,OUSE A GEOMETRIC PROGRESSION WITH STAB CDTI730
C AS THE INITIAL VALUE AND FINAL AS THE FINAL VALUE* CDT1740

IF (FINALoEG.0,) GO TO 70 CDT1750
STAb=2o*STAB CDTI760
STAB=AMIN1(STABtFINAL) CDT1770

7U UT=STAB*SRATIO CDTI78G
iF (STAB.LToFINAL) GO TO 80 CDT1790

C*** AFTER STAB.GE.FINAL CHECK ON SIZE OF DT. DTMIN IS AN CDT1792
C INPUT PARAMETER AND CAN BE SET TO Go CDT1794
75 IF (DT.LE.DTMIN) GO TO 150 CDT1800
80 CONTINUE CDT1810
C CDT1820
C *** IS CONTROL-CELL ISOLATED CDT1830

K=(N1l-1)*IMAX+NIO+l CDT1840
WS=o0  CDT1850
IF (NIO.GT.1) WS=AMX(K-1) CDT1860
IF (N1OoLT.IMAX) WS=AI4X(K+1)+WS CDT1870
IF (NII.GTol) WS=AMX(K-IMAX)+WS CDT1080
IF (Nll.LT.JMAX) WS=AMX(K+IMAX)+WS CDT1890
IF (WS.GT.O) GO TO 90 CDT1900

C *** ISOLATEDt SO DESTROY IT. CDT1910
WS=(AIX(K)+(U(K)**?+V(K)**2)*.5)*AMX(K) CDT1920
EVAPM=EVAPM+AMX(K) CDT1930
EVAPEN=EVAPEN+WS CDT1940
ETH=ETH-WS CDT1950
EVAPMU=EVAPMU+AMX(K)*U(K) CDT1960
EVAPMV=EVAPMV+AMX(K)*V(K) CDT1970
WRITE (6t290) NiOpNlltT.DTPTRIALtWSC UMINPPMIN CDT1980
AMX(K)=U. CDT1990
AIX(K)=O CD'r2000
P(K)=O. CDT2010
Li {K =o CDT2020
V(K)=G, CDT2030

C** RECALCULATE DT. CDT2035
60 TO 10 CDT2040

C *** INCREMENT TIME AND CYCLE. CDT2050
90 T=T+DTNA CDT2O6O
95 IF (T.LT.O.) GO TO 160 CDT2070

NC=NC+1 CDT2080
CYCLEZNC CDT2090

C *** RESET NPRINT. NPRINT=l ON PRINT CYCLES. CDT2100
NPRINT=O CDT21IO

C *** DEFINE VELOCITY AND ENERGY CUTOFFS USED IN MAP AND PH2.CDT2115
UMIN=TRIAL*ROEPS CDT2120
SIEMIN=UMIN**2 CDT2130
PMIN=RHOZ*CNAUT*UMIN CDT2140
IF (PMIN.LT.ROEPS) PMIN=UMIN*RHOZ*TRIAL CDT2150
WRITE (6t290) NOtNllTDTTRIALPWSCtUMINPMIN CDT2160
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DTNA=DT CDT2170
.= CUT217ic THE PRESSURE OF COLDvFREE SURFACE CELLS IS REDUCED BY ACUT2172

C FACTOR,F# WHICH ACCOUNTS FOR THE EFFECT OF FREE SURFACECDT2173
C LOCATION ON THE PRESSURE GRADIENT, F IS THE DENSITY OF CDT2174

. C THE LOWEST DENSITY ADJACEN! CELL DIVIDED BY THE NORMAL CDT2175
C DENSITYPOR F IS TESTRH WHICHEVER IS SMALLEST CUT2176

WT=TESTRH CUT2180
DO 140 1=1#11 CDT2190
K=I+1 CDT2200
DO 14U J=lP12 CUT2210
RHOW=AMA(K)/tDY(J)*TAU(I)) CDT2220
WTB=WT CDT2230
IF (AIX(K),GL.ESESQ) GO TO 140 CDT2240
IF (RHOWLTSOLIO) GO TO 140 C-tT2250
IF (I.EQ.IMAX) GO TO 100 CDT2260
WTA=AMX(K+I)/(DY(J)*TAU(I+1)) CDT2270
IF (WTAoLT.WT) WTB=WTA CDT2280

1 100 IF (I.EQo1) GO TO 110 CDT2290
WTA=AMX(K-1)/(DY(J)*TAU(I-1)) CDT2300
IF (WTA*LTWTB) 4TB=WTA CDT2310

110 IF (J.EQ.JMAX) GO TO 120 CDT2320
KA=K+IMAX CDT2330
WTA=AMX(KA)/(DY(j+l)*TAU(I)) CDT2340
IF (WTALTWTB) ATB=WTA CDT2350

120 IF (J.EQ.1) GO TO 130 CDT2360
KBZK-1MAX CDT2370
WTAZAMX(KB)/(DY(J-1)*TAU(I)) CDT2380
IF (WTAoLT.WTB) WTB=WTA CDT2390

" 130 IF (WTB.LT*WT) PCK)=P(K)*WTB/RHOZ CDT2400
140 K=K+IMAX CDT2410

GO TO 190 CDT2420
-C COT2430

C *** DT TOO SMALL CDT2440
150 NK=75 CDT2450

GO TO 180 CDT2460
C *** T IS NEGATIVE CDT2470
160 NK=95 CDT2480

GO TO 180 CDT2490
C *** OT WILL BE NEGATIVE OR ZERO. CDT2500
170 NK=65 CDT2510

60 TO 180 CDT2520
.180 NR93 CDT2530

CALL ERROR CDT2540
C CDT2550

***FIND THE MAXIMUM PRESSURE ON EACH COLUMN AND CDT2560
C ***STORE ITS CELL NUMBER AS JPM, THIS WILL BE USED COT2570
C ***IN DETERMINING THE REGION IN WHTCH PHASE 3 IS CDT2580
C ***USED* WSA BILL BE A RUNNING MAXIMUM OF THE CDT2590
C ***PRESSURF IN )HE GRID. CDT2600
190 WSA=-IE0O CDT2610

SDO 260 l~lrIl CUT620
D2C0*.* WS WILL BE LOCAL MAXIMUM OF CfLUMN Io CDT26&`
WS=-lE3O CDT2630
Kz(12-1)*IMAX+I+l CDT2640
JP=I2 CDT2650

4 iJINTL=l CDT2660
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C C TADT AT ,r% r~c t ~~ Ilu A~r 1 ^^y Cd~n~ re

200 00 210 J=JINTLpI2 CDT2670

WS=P(K) CDT2690
C *** JP IS J-INDEX OF CELL WITH PEAK PRESSURE. CDT2695

JP=JP-1 CDT2700
210 K=K-IMAX CDT2716

. C *** IF YOU FALL THROUGHPTHEN THERE WAS NO MAXIMUM IN THIS CDT2720
C COLUMN CDT2730

GO TO 250 CDT2740
C CDT2750
C *** COME HERE IF PRESSURE HAS PASSED A LOCAL MAXIMUM CDT2760
C *** PTEMP IS PEAK PRESSURE OF COLUMN I. CDT2770
220 PTEMP=P(K+IMAX) CDT2780

1F (PTEMPLTWSA) GO TO 230 CDT2790
C *** WSA WILL BE PEAK PRESSURE IN ACTIVE GRID (ABSOLUTE CDT2800
C MAXIMUM), CDT2805

WSA=PTEMP CDT2810
GO TO 240 CDT2820

C CDT2830
C *** PTEMP IS LOCAL MAXIMUM BUT IS LESS THAN ABSOLUTE CDT2840
C MAXIMUM CDT2850
230 IF (PTEMPGTO,3*WSA) GO TO 240 CDT2860
C CDT2870
C *** THIS LOCAL MAXIMUM IS NOT BIG ENOUGH TO USE FOR JPM CDT2880
C CDT2890

JINTL=J+l CDT2900
C CDT2910
C CDT2930

JP=JP-1 CDT2940
C *** WE MAY HAVE REACHED BOTTOM OF COLUMN CDT2945

IF (JINTL.GE.I2) GO TO 250 CDT2950
-C *** CONTINUE DOWN COLUMN SEARCHING FOR SUFFICIENTLY LARGE CDT2952

C LOCAL MAXIMUM. CDT2954
WS=P(K) CDT2960
K=K-IMAX CDT2970
GO TO 200 CDT2980

C *** IF POSITION OF PEAK PRESSURE IN COLUMN I DOES NOT CDT2982
C ADVANCE FROM ONE CYCLE TO THE NEXT# DO NOT CHANGE CDT2984
C VALUE OF JPM. CDT2986
240 JP=JP+1 CDT2990

IF (JPoLE.JPM(I)) GO TO 260 CDT3000
JPM(I)=JP I.DT30O10

C CDT30O2
C ***IF JPM IS ZERO THE SHOCK HAS NEVER REACHED THIS CDT3030
C ***LOCATION* IF IT IS NONZERO THE SHOCK HAS PASSED CDT3040
C ***AND WE MUST CONTINUE TO INCREASE I UNTIL THE CDT3050
C ***RIGHT BOUNDARY OF THE SHOCK IS REACHED. CDT3060
250 IF (JPM(I),LEO) GO TO 270 CDT3070
C *** END OF I LOOP. CDT3075
260 CONTINUE CDT3080
C *** IF PEAK PRESSURE OF COLUMN I HAS GONE BELOW A THIRD CDT3090
C THE GRID MAXIMUMP AND IF JPM(I)=O, FROM THE PREVIOUS CDT3100
C CYCLEP WE HAVE REACHED THE RIGHT EDGE OF. THE"SHOCK. CDT311O
27ý CONTINUE CDT3130
C *** JPM(I) MUST BE MONOTONIC DECREASING CDT3140

K=Il-1 CDT3150
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DO 280 IWS~ltK CDT3160
!,Il-IWS CDT3170

280 IF CJPM(I)*LT.JPM(I+1)) JPM(I)=JPM(I+1) CDT3180
-RETURN CDT5~190

c C ',DT320 0
290 FORMAT (/4H CDTtI3e1'+e4H T=PIPE13*7t5H DT=#IPE1397t9H MAXCUV=PlCDT321O

1PE13*7t8H MAXUV~tlPF.13,7,TH UMIN~tlPEl3o7v7H PMIN=PlPE13*7) CDT3220
END CDT3230"-
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FS 0 0. *9 ... ** *..*. 0 . *. e . o ***** 0 ES 2

CES 30
DIMENSION AMX(2502)tAIX(2502)tU(2502) PV(2502) PP(25o2V P ES 40
1 X(52) PXX(54) tTAU(52) '%JPM(52) r ES 50
2 Y(102) PYY(104) eFLEFT(102)p YAM%^(102?t SIGC(102)t ES 60
.3 GAMC(10J2). ES 70
4 PK(15)t 8-150) p ES .80
5 XP(26#51)tYP(26#*51)# ES 90
6 PL(204) PUL(2O4) tPR(204) t ES 100
7 RSN(52)t RST(52)v ES 110
8 CMXP(5) PCMYP(.5) tIJ(5) VqJK(5) rES 120
9 DX(52) tDDX(54) PDY(102) PDDY(104'1 t ES 130

$SN5(52) PSTB(52) tUK(52t3) PVK(52#3) PRHO(52#3) ES 140
C **DIMENSIONED ARRAYS ES 150
C *xZ-5...OCK IS SAVED ON TAPE* ES 160

COMMON Z ES 170
COMMON PK ES 180
COMMON YYP XX ES 190
COMMON ODXt ODY ES 201
COMMON AMXP AIX, U? Vp P ES 210
COMMON TAUt JPM ES 220
COMMON UL r PL ES 230
COM'MON XP r Ypt CMXPP CM~kp ES 240

C *** NON-DIMENSIONED VARIABLES ES 250
COMMON AID PAMMV PAMMY 'AMPY PAMUR PAMUT PAMVR r ES 260
1AMVT POELEB tDELER PDELET PDELM PDTODX 3XYMINEAMMP PEAMPY t ES 270

* 2E PERDUMPPI #13 rIWiS pj PK PKA PKB P ES 280
3LL vMD 'ME rMZT PNERR vNK PNPRINTP ES 290
4NR #NRZ PNULLE PPIDTS ,SIEMINPSNR PSNT #STR 'SOLID P ES 530
5 SUM * TESTRHPiTWOPI PURR oWS #WSA fWSB #WSC' uWFLAGFt ES 319.
6WFLAGLe WFLAGP ES 320

CES 330
C **THE FOLLOWING EQUIVALENCES MAKE AVAILABLE ES 340
C A~UID TYUo'9 UA~U)? UT~UI ES 350
C ES 360

EQUIVALENCE (XX(2)p X(1))# (YYC2)r Yf1)) ES 370
EQUIVALENCE (DDX(2)? DX(1))t (DOY(2)t DY~l)) ES 380

C ES 390
C S'PECIAL EQUIVALENCES FOR PH2 ONLY ES 400

-C ES 410
EQUIVALENCE (ULPFLEFT)t (UL(103)#YAMC)p ES 420
1 (PLPGANICPPR)o (PL(103)#SIGC) ES 430

CES 440
C **SPECIAL EQUIVALENCES FOR PH3.ONLY ES 450
C ES 460

EQUIVALENCE (ULPRSN)p ES 470
1 (PLPRST)t (PPUK)p ES 480
2 (P(157)PVK)t (P(313)PSNjAt ES ~490
.3 (P(365)#STB)t (P(417)PR$O0) ES 500

C ES 510
C **SPECIAL EQUIVALENCES FOR EDIT ES 520
C ES 539

EQUIVALENCE (PR(1)t IJ~' (PR(6)t '.K) ES 54G~
C ES 550
C** Z-STORA(GE EQUIVALENCES ES 560
C ES 570

EQUIVALENCE (Z( 1)PPROB )t(Z( 2)#CYCLE )eES 580
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2(Z( 7)PICSTOP)*(Z( 8)~PPIY )p (Z( 9)PTOPMU )t(Z( 10)r.RTMU )v ES 600
* 3(Z( ll)#STK1 )P(Z( I2h#NUMREZ)t (Z( 13)PETH )#(Z( 14)PUN14 )# ES 610

'4(Z( 15)tRHINIT)t(ZC 16)#PROJI )p (Z( 17)tUNI7 )#(Z( 18),XMAX )t ES 620
5 (ZC 19)#NZ )P(Z( 20)PNREZ )# (Z( 21)PAMDM )#(Z( 22),UVMAX )# ES 630
6(Z( 23h#UN23 )t(Z( 24)tDM.IN )p (Z( 25h1 jSTR )t(Z( 26)tDTNA )v ES 640
7(,?( 27)PCVIS )t(Z( 28)tSTK2 )p (Z( 29)tSTEZ )ý(Z( 30)#NC )t ES 650
B(Z'( 31)tUN31 )#(Z( 32)tNRC )p (Z( 33)rIMAX )#(Z( 34)PIMAXA )p ES 660
9(Z( 35)tJMAX )P(Z( 36)rJMAXA )t (Z( 37)PKMAX )#(Z( 38)sKMAXA )ES 670
EQUIVALENCE ES 680

1(Z( 39)tBOTM )t(Z( 40)tBoTMV p (7( 41) PNUMSPT)P(Z( 42)iCZERO )t ES 690
2(Z( 43)PNUMSCA)t(Z( 44)tPRLIM )p (Z( 45)tPRDELT)P(Z( 46)#PRFACT) ES 700
EQUIVALENCE ES 710
l(Z( 47)tll )t(Z( 48)tI2 )p (Z( 49)#IPCYCL)P(Z( 50)#TSTOP )v ES 720
2(Z( 51)tRHOFILhP(Z( 52)tTARGV )t (Z( 53)PN3 )P(Z( 54)#IVARDY)t ES 730
3(Z( 55)tVT )t(Z( 56)#N6 )t (Z( 57)#RTM )r(Z( 58)#RTMV )v ES 740
4(Z( 59)tUN59 )t(Z( b0)tNlO )p (Z( 61)tN1I )P(Z( 62)tGAMMA )p ES 750
5(Z( 63)PTOPM )e(Z( 64)PBOTMU )t (Z( 65)#SN )P(Z( 66)vTOPMV )p ES 760

*6(V~ 67)?PRYBOT)t(Z( 68)tPRYTOP)p (Z( 69)rPRXRT )#(Z( 7O)PCYCPH3)t ES 770
7(Z( 71)tREZFCT)t(Z( 72)PTARGI )? (Z( 73)PPROJU )F(Z( 74)PBBOUND)t ES 780
8(Z( 75) ZVAP )t(Z( 76)#ECK )# (Z( 77),NECYCLhP(Z( 78)tII )t ES 790
9(Z( 79)tJJ )P(ZC 8OhvNMP )e (Z( 81)hY2 )#(Z( 82)PEZPH1 ES 800
EQUI VALENCE ES 810
1(Z( 83)*IVARDX)t(Z( 84)PT )? (Z( 85)FNMPMAX)t(Z( 86)PPMIN )p ES 820
2(Z( 87)tINTER Je(Z( a8)PTAYBOT)t (Z( 89)tTAYTOP)t(Z( 90)PIEMAP )t ES 830
3(Z( 91)tMC )#(Z( 92)#MR )t (Z( 93)FMZ )#(ZC 94)tMB )ES 840
EQUIVALENCE ES 850
lZ( 95)tREZ )e(Z( 96)tNODUMP)t (Z( 97)tUN97 )P(Z( 98)tUN98 )p ES 860
ZCZ 99)PUN99 )#(Z(100)PEVAPM )t CZ(1O1),EVAPEN),(Z(102)PEVAPMU)e ES 870

* 3(Z(103)tEVAPMV)v(Z(104)pEZPH2 )p (Z(105)tSNL )P(Z(106)pSTL )t ES 880
4ZC107)#TAXRT )t(Z(108)#IDNMAP)p (Z(109)tIPRMAP)p(Z(11O)pROEPS )p ES 890
5CZ(1J.1)#RHINI )e(Z(112)PVINI )t (Z(113)tFINAL )t(ZC114)PIVMAP )p ES 900
6(Z "115)tRHOZ )t(Z(116)PESA )v(Z(117)PESEZ )t(Z(118)PESB )t ES 910

8(Z(123)PESALPH):(Z(124)tESBETA), (Z(125)PESCAPB)P(Z(126)tIUMAP )f ES 930r (Z(129)PSSCAP)t(Z(120)ESESP )t (Z(121)vESESQ )F(Z(122),ESES4 ES 920
EQUVALNCEES 940

1Z(131)tPRTIME)t(Z(132)tEOR )t(Z(133)PEOT )#(Z(13'fl.EOB )t ES 960
2(U 3)EO )r(Z(3.36)PDXF )# (7(137)tDYF )t(Z(138)PRHOMIN)p ES 970
3(Z(139)tSTAB)t (ZC140)rXIENRG)t CZ(141)#XKENRG)t (Z(142),XTENRG)PES 980
4(Z(1'+3)#STo )((4)DMN)
5CZ(147)PJPROJ )#(Z(148)tCNAUT )p (Z(149)F*BBAR )tCZ(150)PEMOB )ES 1000

CES 1010
C**SPECIAL EQUIV FOR ES AND CDT ES 1012
EQUIVALENCE (RHOWtNULLE) ES 1014

C *w~*9v*E 1020
C ES 1030
C END OF COMMON ES 1040
C ES 1050
C *.................................S1060

IC **P(K) CALCULATED FROM RHOW AND AIXCK)* ES 1065
cRHOW IS CIALCULATED IN CDT ES 10>1

c ES 107~)
*IF (ESCAPA.LE.0.) 6O TO 30 ES 1110
:~[ETA=RHOW/RHOZ ES 1120

VOW=1*/ETA ES 1130jIF (AIX(K).LE.O.) 6O TO 20 ES 1140
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I
C *** P1 ANO P4 ARE THERMAL PRESSURE TERMS. ES i145

P1=AIX(K)*RHOW*ESA ES 1150
P4ESb./(AIX(K)/(ESEZ*ETA**2)+I,)*AIX(K)*RHOW ES 1160

C *** P` IS MECHANICAL PRESSURE TERM ES 1165
lU P5=ESCAPA*(ETA-l,) ES 1170

P2=-l, ES 1180
C *** IF MATERIAL IS UNDER-OENSE AND ITS ENERGY IS BETWEEN ES 1182
C ESES AND ESESP, A COMBINATION OF THE EXPANDFD AND ES 1ý84
C CONDENSED EQUATIONS OF STATE IS USEL'. ES 1186

iF (ETA.GEol°) GO TO 50 ES 1190
C *** ESESP = ENERGY TO VAPORIZE MATERIAL. MUST EXCEED ESE$S ES 1195

IF (A.X(K)oGToESESP) GO TO 40 E's 1200
C *** ESES = ENERGY TO BRING MATERIAL TO VAPOR TEMPERATURE. ES 1205

IF (AIX(K)oGT.ESES) P2=1. ES 1210
C P2=1 MEANS BOTH THE EXPANDED AND COMPRESSED ES 1212
C FORMULATIONS WILL BE USED0  OTHERWISEP P2=-1o ES 1214

b0 T0 50 ES 1220
C * WHEN SPECIFIC INTERNAL ENERGY OF CELL IS NEGATIVE, ES 1222
C THERMAL PRESSURES ARE SET TO ZERO. ES 1224
20 P1=0. ES 1230

P4=0. ES 1240
C *** WHEN SPECIFIC INTERNAL ENERGY IS NEGATIVE OR ZERO AND ES 1242
C DENSITY IS LESS THAN SOLIDr SET PRESSURE TO ZERO ES 1244

IF (ETA*LToAMDM) GO TO 80 ES 1250
GO TO 10 ES 1260

C *** IDEAL GAS ES 1265
30 P(K)=ESA*RHOW*AIX(K) ES 1270

60 TO 90 ES 1280
C *** EXPANLED STATE ES 1290
40 Pa=(l.-VOW) ES 1300

P9=EXP(ESALPH*P8) ES 1310
P12=EXP(-ESBETA*P8**2) ES 1320
P(K)=Pl+(P4+P5*P9)*P12 ES 1330
IF (P2.LToOo) GO TO 70 ES 1340
P1=SS1*(AIX(K)-ESES) ES 1350
P(K)=P1*P(K)+(I.-P1)*P3 ES 1360
GO TO 70 ES 1370

C *** CONDENSED STATE ES 1380
C P6 IS MECHANICAL PRESSURE TE\.-., ,S 1385

.50 P6=ESCAPi*(.(ETA-1,)**2) ES 1390
P(K)=P1+P4+P5+P6 ES 1400
IF (P29LT.0o) GO TO bO ES 1410

C *;* USING COMBINATION OF CONDENSED AND EXPANDED EQUATIONS ES 1412
C OF STATEo ES 1414

IF (P(K)oLT*Oo) P(K):=O ES 1420
P3=P(K) ES 1430
GO TO 40 ES 1440

C *** USING CONDENSED EQUATION. OF STATE ES 1445
60 IF (P(K).GE.O.) GO TO 90 ES 1450
C * IF MATERIAL IS EXPANDED OR J-INDEX OF CELL IS LESS ES 1452
C THAN N6, SET NEGATIVE PRESSURE TO ZERO. (N6 IS INPUl ES 1454
C PARAMETER) ES 1456

IF (J.LE.N6oORoETAoLE*AMDM) GO TO 80 ES 1460
GO TO 90 ES 1470

C * SET NEGATIVE PRESSURES TO ZERO WHEN USING COMBINED ES 1472
C OR EXPANDED EQUATIONS OF STATE. ES 1474
70 IF (P(K),GE,0.) GO TO 90 ES 1480



80 P(K)-O. ES 1.50

90 RETURN ES 151O-

END
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SUBROUTINE EDIT i

130

X NE(52) ,SB(52) PTUK(523) PJVK(52,) CRHO(52)t 150

COMMON2) L 70

C7 MO Y SN5t) RS(X 190

9OM~' DOX(5 tDOX(4 2D(0)PD( )p100

COMO 1M~ENAIXE URAY V2150

COMMON TAz 17 20

COMMON ULP x 19 20

COMMON XP t Ypo CMXPf CMYP 240
C *** NON-DIMENSIONED VARIABLES 250

COMMON AID vAMMV PAMMY PAMPY PAMUR PAMUT rAMVR r 260
IAMVT tDELEB tDELER POELET tDELM PDTODX rOXYMINtEAMMP PEAMPY t 270
2E PERDUMPtI ?13 #Iws tj PK rKA #KB t 280
3LL fM 110 ME PMZT tNERR PNK vNPP.INi, 290
4NR tNRZ tNULLE PPIDTS PSIEMINPSNR PSWT rSTR PSOLID p300
5SUM tTESTRHPTWOPI #URR ows tWSA eWSe ?wSC PWFLAGFt 310
6WFLAGLe WFLAGP 320

330
C **THE FOLLOwING EQUIVALENCES MAKE AVAILABLE 340
C X(0)t Y(0)v DX(0)t DY(0) 350
C 360

EQUIVALENCE (XX(2)t X(lfl, (YY(2)p Y(l)) 370
EQUIVALENCE (DDXt2)v DX(1))t (DDY(2)p DY(1)) 380

C .390
C** SPECIAL EQUIVALENCES FOR PH2 ONLY 400
C 410

EQUIVALENCE (ULrFLEFT)# (UL(103)#YAMC)p 420
1 (PLPGAMCPPR)t (PL(103)#SIGC) 430

C 440
C **SPECIAL EQUIVALENCES FOR PH3 ONLY 450
C 460

EQUIVALENCE (ULPRSN)p 470
1 (PLPRST)p (PtUK)t 480
2 (P(157)*VK)t (P(313)tSNB)o 490
3 (P(365)#STB)t (P(417)#RHO) 500

C 510
C **SPECIAL EQUIVALENCES FOR EDIT 520

C 530
* EQUIVALENCE (PR(1)t I~J)t (PR(6)t ~JK)o (UL(103)tCRAD) 540
C 550

C ** i-STORAGE EQUIVALENCES 560
C 570

EQUIVALENCE (Z( 1)#PROB )#(Z( 2)DCYCLE )# 58.
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i~z( a) tUT t izi 4)tNUMSP )P(Zi 5) rNFRELP) r Z( 61 rNDUW11-7)l I ~
2(Z( 7),ITCSTOP)P(Z( 8)#PIDY )t (Z( 9)vTOPMU )#'(Z( 10)rRTMU )t 600
3(Z( 11)#STt"1 )P(Z( 12)tNUMREZ)t (Z( 13)#ETH )t(Z( 14)rUN1~4 )p 610
4(Z( 15)tRHINIIT)#(Z( 16)#PROJI ), MZ 17)@.UN17 )#(Z( 16)PXMAX It 620
5(Z( 19)t'NZ ''(Z( 2Oh#NREZ )t (Z( 21)FAMDM )#(Z( 22')PUVMAX It 630

* 6(Z( 23)tUN23 )#(Z( 24)tDMIN )p (Z( 25)tJSTR )t(Z( 26)#DTNA )t 640
7(Z( 27)PCVIS )P(Z( 28)PSTK2 ), (Z( 29)#STEZ )#(Z( 30)tNC It 650
8(Z( 31)tUN31 )#(Z( 32).tNRC It (Z( 33)tIMAX )t(Z( 3L1)#IMAXA )v 660
9(Z( 35)#JMAX )t(z( 36)tJMAXA ), (Z( 37)tKr4AX )e(Z( 38)PKMAXA 1 670
EQUI VALENCE 680

* 1(V~ 39)PBOTM )PýZ( '+0)PB0TMV )e (Z( LI1)PNUMS13T)P(Z( 42)tCZERO )p 690
2(Z( 43)tNUMSCA)PIZ( 44)tF'RLIM )p (Z( 45)#PRDELT)PdZ( 40)PPRF'ACT) 700
EQUIVALENCE 710
1(Z( 47)pI1 *p(Z( 48);12 )v (Z( 49)FIPCYCL)P(Z( 50)#TSTOP )p 720
2(Z( 51)tRHOFIL)F(Z( 52)#TARGV )t (Z( 53)PN3 )t(Z( 54)tIVARDY)t 730
.3(Z( 55)aVT )P(Z( 56)PN6 IF (Z( 57)#RTM, )P(Z( 58)PRTMV )t 740
4(Z( 591tUN59 )t(Z( 60)PN1O It (Z( 61)#Nl1 )P(Z( 62)PGAMMA )p 750
5(Z( 63)tTOPM )P(Z( 64)tB3OTMU ), (Z( 65)PSN )t(Z( 66)#TOPMV )t 760
6(Z( 67)PPRYBOT)#(Z( 68)rPRYTOP)t (Z( 69)tPRXRT )t(Z( 70)rCYCPH3)t 770
7(Z( 71),REZFCT),(Z( 72)#TARGI It (Z( 73),PROJU )P(Z( 74)tBBOUND)t 780
8(Z( 75)tEVAP )#(z( 76)PECK )p (Z( 77)tNECYCL)P(Z( 78)#11I I 790
9(Z( 79)tJJ )tCZ( 80)tNMP )t (Z( 81)PY2 }e(Z( 82)#EZPH1 1 8130
EQUIVALENCE 810
1(Z( 83)tIVARDX)t(Z( 84)PT It (Z( 85)PNMPMAX)P(Z( 86)PPMIN )v 820
2(Z( 87hfINTER )P(Zi 88h#TAYBOT)t (Z( 89)tTAYTQP)P(Z( 90)#IEMAP It 830
3(Z( 91)tMC )P(Z( 92)tMR ), (Z( 9--),MZ )P(Z( 94)tMB 1 8~40
EQUIVALENCE 850H1(Z( 95)tREZ )#(Z( 96)#NODUMP)p (Z( 97)PUN97 )P(Z( 98)PUN98 It 860
2(Z( 99)#UN99 )P(Z(100)PEVAPM )t (Z(1O1)eEVAPEN)t(Z(102)tEVAPMU)t 870
3(Z(103),EV/APMV),(Z(104)tEZPH2 It (Z(105)tSNL )P(Z(106)PSTL )e 880

4Z107)PTAXRT )P(Z(108)#IDNMAP)p (Z(109)vlPRMAP3p(Z(110)#ROEPS )# 890
5((11)RHNI)P(Z(112)#VINI )# (Z(113)#FINAL. ',riZ(114-)tIVMAP )e 900

6(Z(115)tRHOZ )t(Z(116)tESA )p (Z(117)PESEZ )#(Z(118)#ESB )t 910
7(Z(119)tESCAPA)r(Z(120OhESESP )p (Z(121)#ESESQ )t(Z(122)#ESES )p 920

I8(Z(123)tESALPH)e(Z(124)PESBETA)e (Z(125),ESCAPB)#(Z(126)rIUMAP )u 930
9(Z(127)PSS1 )t(Z(128)FSS2 )p (Z(129)tUMIN )#(Z(130)PSS4 1 940HEQUIVALENCE 950
1(Z(131),PRTIME)#(Z(132)vEOR It (Z(133)PEOT )#(Z(134)PEOB )? 960
2(Z(135)PEMOR )#(Z(136)PDXF It (Z(137)#DYF )#(Z(138)vRHOMIN)f 970
3(Z(139)PSTAB)t (Z'140)#XIENRG)t CZ(141)PXKENRG)t (Z(142)#XTENRG), 980
4(Z(143)#STT )t(Z(14L&)PDTMIN )t (Z(145)tTRNSFC)t(Z(146)pEIMOT )t 990
5(Z(147)tJPROJ )t(Z(1'48)FCNAUT It (Z(149)tBBAR )#(Z(150)tEMOB 1 1000

j c 1010
C eeeeeeeeeo~geeggegeeeeeeeeeeege~eg 1020
G 1030
C END OF COMMON 1040
C 1050
C ge. e...se.. og ge eeg.s... eeo. gg~ggee 1060
C 1070
C.*~ SPECIAL EQUIVe FOR EDIT 1080

EQUIVALEM:CE (PR(l)tT!ETAR)'(PR(2)pTKETAR)t'(PR(3)tTETAR '? 1090
1 (PR(4)vTARMAS)p(PR(5)pTARMV )t(PR(6)#TARMVP)o 1100
2 (PR(7)tRAMOMA)PCPR(8)PPRAMOA)e(PR(9)eTIEPRO), 1110

3(PR(10) vTKEPRO) ,(PR(11) UTEPRQ)# (PR(12) .PRMAS)t 1120
4 (PR(13)tPRMV ).(PR(14)tPRMVP)e(PR(15)tRAMOMB)e 1130
5 (PR(16)#PRAMOS) 1140
DIMENSION PROPI(50) 1150
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¢ A.160C EROUMP=I. WHEN ERROR CALLS EDIT FOR A TAPE DUMP ONLY 1162

lF (ERDUMP;GT=O0) An TO 1150 1170

C ENERGY SUM (ESUM) AND RELATIVE ERROR IN SUM (RELERR) 1172
SC COMPUTED ECK IS LARGEST ERROR COMPUTED AND ON PRINT 1174
C CYCLES IS PRINTED AND COMPARED TO DMIN, MAXIMUM 1176
C ALLOWABLE ERROR. 1178

ESUM:O. 1180
00 ..O K=2rKMAX 1190

10 ESUM=ESUA+AMX(K)*(.5*(U(K)**2+V(K)**2)+AIX(K)) 1200
RELERR=(ESUM-ETH)/ETH 1210
IF (AbS(RELERR)oLTvABS(ECK)) GO TO 20 1220
ECK=RELERR 1230
NECYCL=NC 1240

20 CONTINUE 1250
C *•s NPRINT 1 1 WHEN EDIT IS CALLED TO DO AN INTERMEDIATE 1252
C PRINT. SKIP TESTS ON TIME TO STOP, PRINT, REZONEETC. 1254
C WHICH ALREADY HAVE BEEN DONE FOR THIS CYCLE. 1256

IF (NPRINToEU.1) GO TO 190 1260
C*** 13=1 SIGNALS A SHORT PRINT 1270

I3=1 1280
C** IF THIS IS FIRST CYCLE OF RUN, WFLAGF1l, 1290

IF (WFLAGFGT.09) GO TO 120 1300
C *** IS THIS THE TIME OR CYCLE TO STOP EXECUTION 1305

IF (ICSTOPLENCAND.ICSTOP.GT.O) GO TO 30 1310
If: (T*(1,+ROEPS).GE.TSTOP.AND.TSTOP.GT,O.) GO TO 30 1320

C *** SHOULD THE GRID BE REZONED 1325
IF ((REZ.NE.O.oANDREZFCTNE.O..AND.NUMREZ.GTO),ORoSS4.NE.O,) GO 1330

iTO 190 1340
C 1350

GO TO 40 1360
C ** SET WFLAGL:1. TO SAY THIS IS LAST CYCLE OF RUN 1370
30 WFLAGL:I. 1380

13=i 1390
NPRINT=1 1400
NUMSPT=NDUMP7 1410
NUMSP=O 1420
GO TO 190 1430

40 ASSIGN 140 TO LOCA 1440
ASSIGN 110 TO LOCB 1450

C *** ARE WE PRINTING ON TIME OR CYCLE INTERVALS. 1455
IF (PRDELTNE,0) GO TO 50 1460

".45 IF %IPCYCLNEO) GO TO 100 1470
GO TO 430 1480

C *** PRINTING ON TIME. IS IT TIME TO PRINT 1485
50 IF (T*(1°+ROEPS).GEPRTIME) GO TO 70 1490
C *** NO. BUT WILL NEXT CYCLE BYPASS THE PRINT TIME 1495

IF (PRTIME.GET+DT) GO TO 60 1500
DT=PRTIME-T 1510
DTNA=DT 1520

6u GO TO LOCA, (140P130) 1530
C *** YES, IT IS TIME TO PRINT* NPRINT=l FLAGS THIS AS A 1532
C PRINT CYCLE. 1534
7U NPRINT=l 1540
C *** AVOID TRUNCATION 1550

T=PRTIME 1560
C *** IS IT TIME TO RESCALE PRINT INTERVAL 1565
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Ii

IF (T*(1.+ROEPS),LT.PRLIM.OR.NUMSCALE.0) GO TO 80 1570
DL L** CHANGE PRINT INTERVAL AND THE TIME FOR TH5 NEXT 1580

SC RESCALING, 1585
PRDELT=PROELT*PRFACT 1590

PRLIM=PRLIM*PRFACT 1600
NUMSCA=NUMSCA-1 1610

C *** DEFINE TIME FOR NEXT PRINT* 1615
80 PRTIME=T+PRDELT 1620

IWS=(PRTIME+.5*PRDELT)/PRDELT 1630
wS=lwS 1640
PRTIME=WS*PRDELT 1650
FC *** WILL WE BYPASS TIME TO PRINT 1655

IF (PRTIME.GE.T+DT) GO TO 90 1660
C *** YESP ADJUST DT 1665

DT=PRTIME-T 1670
DTNA=DT 1680

90 GO TO LOCB, (110,130) 1690
C *** PRINTING ON CYCLES. IS THIS A PRINT CYCLE 1695
100 IF (MOD(NCIPCYCL),NE.O) GO TO LOCA, (140,130) 1700
C YES. NPRINT = 1 FLAGS THIS AS A PRINT CYCLE. 1705

NPRINT=l 1710
C *** IS THIS THE CYCLE TO RESCALE PRINT INTERVAL 1715

IF (NC.LT*PRLIM.OR.NUMSCA.LE.O) GO TO LOCB, (11O0130) 1720
"C 1730
C *** YES0 MULTIPLY NUMBER OF CYCLES BETWEEN PRINTS BY PRFACT 1740

SC 1750
IPCYCL=INT(PRFACT)*IPCYCL 1760
PRLIM=PRFACT*PRLIM 1770

I NUMSCA=NUMSCA-1 1780
60 TO L~oCB, (110,130) 1790

C *** TEST FOR SHORT OR LONG PRINT 1800
C * NUMSP COUNTS NUMBER OF SHORT PRINTS SINCE LAST LONG 1802
C PRINT. NUMSPT COUNTS NUMBER OF CYCLES SINCE LAST 1804,

C TAPE DUMP. 1806
110 NUMSP=NUi4SP+l 1810

NUMSPT=NUMSPT+1 1820
IF (NUMSP.NEoNFRELP) GO TO 190 1830
NUMSP=O 1840

C *** I3=I SIGNALS A LONG PRINT 1850
120 13=11 1860

C *** PRINT OF RESTART CYCLE WILL BE SHORT IF PK(3}.LT.-1. 1865
IF (PK(3).LT.-1..AND.WFLAGF.GT.O.) I3=1 1870
GO TO 190 1880

C *** CHECK FOR ENERGY DISCREPANCY 1890
1,0 IF (ASS(ECK).GT.DMIN) GO TO 440 1900
C *** IF LAST CYCLEP REWIND TAPE 1910
140 IF (WFLAGL.EQ.0.) GO TO 470 1920

REWIND 7 1930
GO TO 470 194.0

150 NUMSPT=O 1950
IF (NODUMP.NE90) GO TO 170 1960
BACKSPACE 7 1970
WS=555.0 1980
WRITE (7) WSCYCLEN3 1990
WRITE (7) (Z(L),L=1,MZT) 2000
"WRITE (7) (U(K),V(K),AMX(K),AIX(K),P(K),K=lKMAXA) 2010
WRITE (7) X(O),(X(K),TAU(K),JPM(K),K=lIMAX) 2020
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c ** Ak RCRPIT BEING GENERATED 23

c **YEo RIE RAERPOINT COORDINATES (XPtYP) ON TAPE. Z045

WRITE (7) WSPWS*WS 29
WRITE (62550) NC 2100
IF (WFLAGL.EQ.0.) GO TO 170 2110
END FILE 7 2120

170 CONTINUE 2130
IF (ERDUMPoGT.0.) CALL EXIT 2140
GO To 200O 2150

180 N=2 2160
GO TO 2-20 2170

C **INITIALIZE PR ARRAY, TEMPORARY STORAGE FOR ENERGYPMASS 2172
C AND MOMENTUJM TOTALS PRINTED OUT. 2174
190 DO 200 I=ltl6 -2180

200 PR(I)0.o 2190
C 2200
C RAMOMA=RADTAL.. MOMENTUM ABOVE JPROJ 2210
C RAMOMA=RADTAL MOMENTUM BELOW JPROJ 2220
C PRAMOA=POSITIVE RADIAL MOMENTUM ABOVE JPROj 2230
C PRAMOB=POSITIVE RADIAL MOMENTUM BELOW JPROJ 2240
C 2250

IF (JPROJ.EQ*0) GO TO 180 2260
N=IMX*JPOJ~l2270

DO 210 K=2#N 2280

PRMAS=PRMAS+WS 20
TIEPRO=TIEPRO+WS*AIX(K) 2310
TKEPRO=TKEPRO+.5*WS*(U(K) **2+V(K)**2) 2320
WSA=WS*V (K) 2330
PRMV=PRMV +WSA 2340
IF (WSAoGT.00) PRMVP=PRMVP+WSA 2350
RAMOMB=RAMOMB+AMX (K) *U (K) 2360
IF (U(K).GT*O.) PRAMOB=PRAMOB+AMX(K)*U(K) 2370

210 CONTINUE 2380
N=N+1 2390

220 00 230 K=NPKMAX 2400
WS=AMX(K) 2410
TARMAS=TARMAS+W S 2420

- TIETAR=71ETAR+WS*AIX(K) 2430
TKETAR=TKETAR+,5*WS*(U(%K) **2+V(K)**2) 2440
WSA=WS*V (K) 2450
TARMV=TARMV+WSA 2:460
IF (WSAoGT.0.) TARMVP=TARMVP+WSA 2470
RAMOMA=RAMOMA+AMX (K) *U(K) 2480
IF (U(K).GT0o.) PRAMOA=PRAMOA+AMX(K)*U(K) 2490

230 CONTINUE 2500
TETAR=TIETAR+TKETAR 2510
TEPRO=T IEPRO4TKEPRO 2520
DO 240 J:1p8 2530
PR (J+16)=PR(J) +PR(J+8) 2540

240 CONTINUE 2550



Tff ITUAV f-T -I I r11 Tn to.-.n 2560
C AV - - - -2570
C **IF DOI~NG A 1-0 PROBLEM DIVIDE TOTALS BY NZ WHERE 2580

%.NZ=4**(NUMBER OF TIMES THE GRID HAS BEEN REZONED*) 2585
C 2590

PR0PI (1)=ETH/NZ 2600[ ~PROPI (2)='ECK/NZ 2610
PROPI(f)=EZPHl/NZ 2620
PROPI (5)=EZPH12/NZ 2630
PROP 1(6) B8BOUND/NZ 2640
00 250 J=1924 2650

p 250 PROPI(J+O,)-PR(J)/NZ 2660
PRP(31:)=BDTM/NZ 27I PROPI (32)=RTM/NZ 2680

PROPI (33)=TOPM/NqZ 2690
PROPI (34)=EVAPM/N'Z 2700
PROPI (35)=EMot3/NZ 2710
PROP I(3b)=EMOR/NZ 2720
PROPI (37)=EMOT/NL 2730
PROPI (38)=EVAPEN/NZ 2740
PROPI (39)=BOTMU/NZ 2750
PROPI (40)=RTIAU/NZ 2760
PROPI (41)=TOPMU/i'JZ 2770
PROPI (42)=EVAPMU/NZ 2780
PROP 1(43)=BOTMV/14Z 2790
PROPI (44) :RTMV/NZ 2800
PROPI (45)=TOPMV/NZ 2810
PROPI (4b)=EVAPMV/NZ 2820
PROPI (47)=EoB/NZ 2830
PROP 1(48)=EOR/NZ 2840
PROPI (49)=EOT/NZ 2850
WRITE (6p530) PROBVTNCePROPI(1),PROPI(2)PNECYCL,(PROPI(J)1J=4?6) 2860
WRITE (6t540) (PRQPI(4)#J=7#49) 2870
GO TO 270 2880

260 WRITE (6t530) PROBTNC*ETHECKNECYCLEZPH1,EZPH2tBBOUND 2890
WRITE (6#54U) ((PR(J),j~l,24)tBOTMvR~teTOPM.EVAPMuEMOBEMOREMOTtE 2900
1VAPENPBOTMUtRTMUPTOPMUEVAPMUBOTMVPRTM~VTOPMVEVAPMVEOBtEOREOT) 2910

270 WRITE (6t580) (JPM(I)tI=1#Il) 2920
C * ENERGY TOTALS STORED FOR LATER USE IN TRACER POINT 2930
C PLOTS. 2935

AIENRG=PR (17) 2940
XKENRG=PR (18) 2950
XTENRG=PR (19) 2960

C * IS THIS A TAPE DUMP OR REZONE CYCLE 2965
IF (NUMSPT.EQ.NDUMP7.OR.(REZ.NE.0..AND.REZFCT.NE.0..AND.NUMREZ.GT. 2970

10)J 60 TO 150 2980
C **ARE TRACER POINTS BEING GENERATED 2990
280 IF (Y2*GT*(-1.)) GO TO 305 3000
C **YESP PRINT TRACER POINT COORDINATES IN CM. 3C92

WRITE (6#590)) 3005
N=O 3010
DO 300 J1.tJJ 3020
D0 300 1=1*11 3030
IF (XP(IJ)0 LEo0.,AND.YP(IPJ).LE.O,) GO TO 300' 3040
IP=IN'(XP(I#J)) 3050
JP=INT(YP(ItJ)) 3060
KK=JP*IMAX+IP+2 3070
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IF (AMX(KK).GTOo) GO TO 290 3080
pT.1--J) =- 3090

YPCI*J)Ooc 3100
GO TO 300 3110

290 NZN+l 3120
CMXP(N)=X(IP)+DX(IP+1)*(XP(IJ)-INT(XP(ItJ))) 3130
CMYP(N):Y(JP)+DY(JP+1)*(YP(IPJ)-INT(YP(IJ))) 3140

C 3150
C *** IJt JK = THE I AND J OF THE CELL THE TRACER POINT 3160
C ORIGINATED IN * (TRACER POINTS CHANGE POSITION IN 3170
"C XP AND YP ARRAYS WHEN THEY ARE WEEDED OUT 3180
C DURING REZONE.) 3190
C 3200

IJ(N)=2**(NRZ+1)*(I-I)+1 3210
JK(N)=2**(NRZ+1)*(J-1)+l 3220
IF (N.LTo5) GO TO 300 3230
vRITE (6P510) (IJ(M),JK(M),.MXP(M)PCMYP(M),M=lN) 3240
N=O 3250

300 CONTINUE 3260
IF (NoEQ.0) GO TO 305 3270
WRITE (6,510) (IJ(M),JK(M),CMXP(M),CMYP(M),M1lN) 3280

305 IF (IMAX.EQ.1) GO TO 370 3290-
C ** PRINT SYMBOLIC CONTOUR MAPS OF COMPRESSION, PRESSUREP 3292
C VELOCITY# AND INTERNAL ENERGY UNLESS DOING A 1-D 3294
C PROBLEM9 3296

CALL MAP 3300
C *** COMPUTE CRATER DEPTH AND VOLUME. AID SUMS DEPTH. 3310

AID = 0o 3320
WRITE(6,490) 3322

C *** START AT AXIS 3325
DO 330 I 1'pI1 3330
CRAD(l) = Q5*DX(I)+X(I-1) 3340
PL(I) = O. 3350
UL(I) Oo 3360
DO 320 J =lt12 3370
K=(J-1)*IMAX + I + 1 3380

C *** WS IS COMPRESSION 3385
WS = AMX(K)/(TAU(I)*DY(J)*RHOZ) 3390
IF(WS.LTo(o99)) GO TO 310 3400
GO To 325 3410

310 AID =AID + 1.-WS 3420
C *** NOT AT BOTTOM OF CRATER YET 3425

320 CONTINUE 3430
325 IAID = INT(AID) 3440

c *** UL(I) IS CM. DEPTH OF CRATER IN COLUMN I 3442
C *** PL(I) IS CELL DEPTH OF CRATER IN COLUMN I 3444

UL(I) Z Y(IAID) + DY(IAID+1)*(AID-FLOAT(IAID)) - Y(JPROJ) 3450
IF(UL(I).GT.O0.oOR.UL(I).LT.O.) PL(I) = AID 3460
AID = 0 3470

330 CONTINUE 3480
C *** PRINT CRATER DEPTHS 3485

DO 340 I=I,11 3490
IF(UL(I)oLT.O0..ORUL(I).GT.0.) GO TO 335 3500
GO TO 340 3510

335 WRITE(6,495) It PL(I), CRAD(I), UL(I)
340 CONTINUE 35-50

C *** COMPUTE CRATER VOLUME AND VOLUME OF HEMISPHERE WITH 3532
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S! C RADIUS=UL(1). PRINT VOLUMES WHEN THEY ARE POSITIVE* 3534
3540

DO 345 I=1,1f 3550
IF(UL(I).LToO() GO TO 350 3560

C W *** WSB GIVES CRATER VOLUME 3565
WSB = UL(I)*TAU(I)+WSB 3570

345.CONTINUE 3580
350 CONTINUE 3590

C *** PRINT CRATER VOLUME ONLY WHEN GREATER THAN ZERO 3595
IF(WS3.GT.O.) GO TO 355 3600
60 TO 360 3610

C ** WSC GIVES VOLUME OF HEMISPHERE 3615-355 WSC=2o0944*(UL1))**3 3620
WRITE(6,500) WSBt WSC 3630

360 CONTINUE 3640
C *** SHORT PRINT MEAN 13=1 AND PROPERTIES ARE PRINTED ONLY 3645
C FOR CELLS IN FIRST COLUMN. LONG PRINT MEANS I3=I AND 3650
C PROPERTIES ARE PRINTED FOR ALL CELLS IN ACTIVE GRID. 3660
370 DO 420 I=1,13 3670

KSPACE=O 3680
WFLAGP=l. 3690
J=12+1 3700
K=I2*IMAX+I+l 3705
DO 410 L1.I12 3710
J=J-1 3720
K=K-IMAX 3730

375 IF (AMX(K)) 450P400#380 3740
380 IF (WFLAGPoEQ*OO GO TO 390 3750

WRITE (6#560) IeK(I)PDX(I) 3760
WFLAGP=O° 3770

390 WS=AMX(K)/(TAU(I)*DY(J)) 3780
WSA=WS/RHOZ 3790
WSC=P(K) 3800
WRITE (6#520) JU(K),V(K)PWSCtAMX(K),WSuAIX(K)tWSAuYCJ) 3810
KSPACE=O 3820
GO TO 410 3830

400 KSPACE=KSPACE+l 3840-
IF (KSPACE.GT.1) GO TO 410 3850
WRITE (6t570) 3860

410 CONTINUE 3870
420 CONTINUE 3880

IF (NPRINTEQ.') GO TO 130 3890
ASSIGN 130 TO LOCA 3900
ASSIGN 130 TO LOCB 3910
IF (PRDELT.NE.O.) GO TO 50 3920
GO TO 100 3930

C *s PRINT DELTA NOT SPECIFIED IN INPUT 3960
430 NK=45 3970

GO TO 460 3980
C *** ENERGY CHECK 3990
440 NK=130 4000

Go TO 460 4010
C 4NEGATIVE MASS 4020

S450 NK=375 4030
460 NR=5 4050

- CALL ERROR 4060
470 WFLA3P=O. L070
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* FLGU SHOULU GRID BE REZONED ON THIS CYCLE 4085
IF ((REZ0NE.0.,AND.REZFCT.NE.O..AND.NUMREZ.GT.0).OR.SS4.NE.0.) GO 40j9:

1TO 480O 4100
RE'lURN 4110

4b0 CALL REZONE 4120
C *lv* t UST CALL CDT TO RECALCULATE PRESSURES 4130

TijOv=T 4140
LŽTNOW=DT 4150
REZ=0. 4160
SS4=U 4170
CALL CDT 4180
T=TN0.1 4190
)T=DTNOW 4200

UTNA=DT 4210
NUMREZ=NUMREZ-1 4220

c 4230
C **NREZ =NUMBER OF REZONES ALLOWED (INPUT VALUE OF NUMREZ) 4k40
C NUMREZ - NUMBER OF REZONES ALLOWED MINUS THE NUMBER 4250
C OF REZONES PERFORMED SINCE T=0. -4260
C 4270

NRZ=NREZ-NUMREZ 4280
C *** NZ USED IN PRINTOUT OF TOTALS FOR 1-D PROBLEMS 4285

NZ=4,**NRZ 4290
C 4300

NUMSPT=NDUMP7 -4310
GO TO 120 4320

C 4330
-CFORMATS 4340

C 4350
490 FORMAT (lH0p17Xp35HDEPTH OF CRAThER MEASURED FROM JPROJ//12X#IHIv5X 4360

1'18HJ OF CRATER i3OTTOM#12X,1HRt11Xt17HDEPTH IN CM* DI)//) 4370
495 FORMAT (Il3,9XP0PF6.l,13X,1PE10.O4,9XulPE10,4) 4380
500 FORMAT (//6Xt13HCRATER VOLUMEt11XP43riCRATER VOLUME BASED ON (2/3) 4390

1* PI * D(1)**3/7Xt1PE10o4v26Xt1PE1O.4) 4400
51.0 FORMAT (5(I4tl4t1P2E9*2)) 4410
5?_0 FORMAT (14,1XI1P2E1lfob,3E1-5.6,E14.6,E1S.6,E14.6) 4420
56~0 FORMAT(8H1PROBLEMv6Xt4HTIME,8X,5HCYCLE,3X,13HTOT.EN.THEOR,3Xac 4430

1 19HMAXREL.ERROR-CYCLE,3X,18HýIE SET To ZERO-PHlp3X# 4435
2 18HIE SET TO ZERO-PH2t3Xe12HPLASTIC-WORK/1F8,4,2Xv1PE13.7v 4440
3 3Xi 14t4XrlPE'A3*7p3XtiPE13.7plXe 14t6XtlPE13.7PBXP1PEl3*7p6Xt 4450
4 1PE1397/) 4460

540 FORMAT (18X,2HIE,14X,2HiKEt7XI3HTOT.EN* (5UM)#7Xt4HMASS#12Xp2HMVr8 4470
lX,12HMV(POSITIVE),8X,2HMU,8X,12HMU(POSITXVE)/11H J.GT.JPROJt1P8E15 4480
2*7/1111 J*LEoJPROJ, 1P8El5o7/14XP12H ------------ t3Xe 12H ------------ 4490
33X' 1211------------- t3X .1211--------- -- e3Xr 12H ------------ t3X. 12H --- 4500
4-----m-----,3Xr12H -------------u3XP12H -------------e3X/7H TOTALSr4XtlP 4510
56E15o7///9H bOUNOARY,9X.6HBOTTOM,9Xt5HRIGHT, 1OX,3HTOPBX, 12H$EVAPO 4520
6RATED$//9H MASS OUTt2Xt1P4El5o7/11H ENERGY OUTt1P4E15.7/7H M', OUTP 4530
74Xt1P'+El5o7/7H MV OUTp4XP1P4E15o7//11H WORK DONE tIP3E15.7//) 4540

550 FORMAT (lH0//21H TAPE 7 DUMP ON CYCLE15////) 4550
560 FORMAT (1H1 ///4H1 I =13#6Xt6HR(I) =Fl293v6Xp7HDR(I) =El4*7//3H JBX 4560

1'1HU13XtlHV13Xt3H P 12Xt3HAMX12X,3HRHO11X,3HAIX12X.4HCOMPllX,2H Z/ 4570
2) 4580

570 FORMAT (1110) 4590
5cs0 FORMAT (//22H ~J OF PRESSURE-MAXIMUM/(25I5)) 4600
590 FORMAT(//103H TRACER POINTS -INITIAL LOCATION IN CELL COORDINATES 4610
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1 (IPJ) - CURRENT LOCATION IN CM- COORDINATES (X#Y)// 5(4H I,3XF 4612
21HJSXP1HX#8X#1HY,3X)) 46.14

END 4620"

8
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SUBROUTINE MAP MAP 10

S.MAP 
30

4 . . , %(-n Z.t(1. rnp I #V(2502) #P(2502) MAP 40

D5 N v VXA MAP 500

8 X(52) ,XX(54) ,TAU(52) JPM(52) P MAP 0
2 Y(102) ,YY(O04) ,FLEFT(102)t SIGC(102)D MAP 10
3 GAMC(lO2)p MAP 70

S4 PK(15) t Z(150) , MAP 80

5 XP(26DSI)NYP(26N5A)R MAP 90

6 PL(2*4) L UL(204L SPR(204) O MAP 100

7 RSN(52)C RST(52)t MAP 110

COMMON PK MAP 120

8 CMXP(5) tCMYP(5) ,IJ(5) MAP 190
9 DX(52) PDDX(54) YDY(102) DDY(0MAP 20

$SNB(52) PSTB(52) PUK(52#3) PVK(52r3) PRHO(52t3) MAP 140

C CMO A IMENSIONED ARRAYS MAP 150
C **Z-BLOCK IS SAVED ON TAPE, MAP'160

COMMON Z MAP 170

COMMON PK MAP I2O

COMMON YYP xx MAP 190

COMMOCN ODNX D DY MAP 200

COMMON AMXr AIX Ut V t P MAP 210
COMMON TAU, JPM MAP 220W

COMMON UL t PL MAP 230

COMMON AP t YPt CMXP, CMYP MAP 240

C*** NON-DIMENSIONED VARIABLES MAP 250

COMMON AID ,AIMMV ,AHM~Y PAMP*1 PAMUR ,AMUT 9AMVR r MAP 260

IAMVT #DELEB PDELER tDELET iDELM PDTODX ,DXYMINEAMMP tEAMPY r MAP 270

2E tERDUMPtI .13 PIWS pJ ,K PKA PKB F MAP 280

3LL 0M0 #ME ,MZT PNERR #NK PNPRINTP MAP 290

4NR #NRZ #NULLE rPIDTS rSIEMINtSNR #SNT tSTR PSOLID v MAP 300

SSUM ,TESTRHTWOPI vURR fWS tWSA fWSB ,WSC .?WFLAGFP MAP 310

6WFLAGLtWFLAGP 
MAP 320

C 
MAP 330

C **- THE FOLLOWING EQUIVALENCES MAKE AVAILABLE MAP 340

C X(O# Y(O)t DX(O), DY(O) MAP 350

C 
MAP 360

EQUIVALENCE (XX(2), X(1))t (YY(2), Y(1)) MAP 370

EQUIVALENCE (DDX(2)t DX(1))t (DDY42)t DY{i)) MAP 380

C 
MAP 390

C *** SPECIAL EQUIVALENCES FOR PH2 ONLY MAP 400

C 
MAP 410

EQUIVALENCE (ULFLEFT), (UL(103),YAMC)p MAP 420

1 (PLGAMCtPR)t (PL(103)PSIGC) MAP 430

C 
MAP 440

C ** SPECIAL EQUIVALENCES FOR PH3 ONLY MAP 450

Q 
MAP 460

EQUIVALENCE (ULRSN)t MAP 470

1 (PLPRST)t (PPUK)p MAP 480

2 (P(157),VK)t (P(313),SNB)t MAP 490

3 (P(365)tSTB)p (P(417)PRHO) MAP 500

C 
MAP 510

C *** SPECIAL EQUIVALENCES FOR EDIT MAP 520

C 
MAP 530

EQUIVALENCE (PR(1)p I), (PR(6)p JK) MAP 540

C 
MAP 550

C *** Z-STORAGE EQUIVALENCES MAP 56a

C 
MAP 570

EQUIVALENCE (Z( V)tPROB )t(Z( 2)#CYCLE )p MAP 580
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I (Z( 3) LDT )(Z( U&) rNUMSP P (Z%' 5) pNPREL.P) r(Z( 6)PNDIJMP7)t MAP 590
2(Z( 7) tICS10P) t Z( 8) PIDf #, (Zi 91 F TOrM U (Z' %1 1 r R TM t'l , k-, MA f60n

3(Z( llh&#TK1 )#(Z( 12)tNUMREZ)v (Z( 13)tETH )P(Z( 14)tUN14 ),MAP 610
4+(Z( 15),R.4iINIT~t(Z( 16)PPROJI )t (Z( 17)eUN-1 )PiZ( i8)#X'4AX is MAP 62'v
5(Z( 19)tNZ ir(7Z( 20)PNIREZ )# (Z( 21)PAMDNI )#(Z( 22)PUVMAX 'it MAP 6310
6(Z( a13)tUN23 )P(Z( 24)PDMIN )t (Z( 25)#JSTR" )P(Zi 26)*DTNA )# MAP 640

* 7(Z( 27)tCVIS )P(Z( Z8)PSTIK2 )p (Z'% 29)PSTEZ )t(Z( 30)PNC )p MAP 650
B(Z( 31hvUN31 )t(Z( 32)tNRC )v (Z( 33hIlMAX )f(Z( 34)?IMAXA )t MAP 660
9(Z( 35)tJMAX )t(Z( 36hrJMAXA )p (Z( 37)?KMAX )(C38)rKMAXA )MAP 670
EQUIVALENCE MAP 680

1(Z' 39)P13OTM )#(Z( '+0)#BOTMV )v (Z( 42.)PNUMSPT)t(Z( ~42)#CZERO )uMAP 690
2(Z( 4.3hNUMSCA)t(Z( 44hFPRLIM IF W.~ 45)FPRDELT)t(Z( 46'f#PRFACT) MAP 700
EQUIVALENCE MAP 710
1(L( 47)tI1 )t(Z( 48)PI2 )p (Z( 49)IPrLCYCL)PCZ( 50)#TST0P )F -MAP 720
Z(Z( 51)*RHOFIL)P(Z( 52)#TARGV )t (Z( 53)PN3 )(7C*Z 54)rI;ARDY)c- MAP 730
3(7( 55)PVT )t(Z( 56)PN6 )p (Z( 57)tRTM )t(Z( 58).PRTmi ), M-'AP 740
4(Z( 59)PUN59 )f(Z( 60)#NlO )p (Z( 61)#,Ni1 )t(Z( 62)t,GAMMA )i- MAP 750
5(Z( 63)#TOPM )#(Z( 64hBSOTMU )t (Z( 65)rSN )2(Z( 66)PTOPMV )p MAP 760
6(Z( 67)pPRYBOl~t(Z( 68)PPRYT0PIP (Z( 69)tPRXRT )tdZ( 70)#CYCP143)t MAP 770
7(Z( 71)PREZFZ"T)p(Z( 72)#TARal )p (Z( 73)#PROjJU )F(Zi 74)tBBOUND)' MAP 780
6t(iA 76)PEVAP )t(Z( 76)PECK ), (Z( 77)tNECYCL)P(Z( 78)PII )t MAP 790
9(Z( 79)#JJ )t(Z( 80)tNMP )? (Z( 81)FY2 )t(Z( 82)tEZPt-I MAP 800
LUUIVALENCE MAP 810
1(Z( 13 VARDX)#(Z(% 8'4).T )# (Z( 85)PNMPMAXI-(Z( 86)tPMIN )t MAP 820
2(Z( 87' 44TER ~'(Z( 86)tTAYBOT)p (Z( 89)tTAYTOP)t(Z( 90)vIEMAP )v MAP 830
3(Z( 91)#14c )P(Z( 92WAR )t (Z( 93).-MZ )P(Z( 94)PMB )MAP 840
EQUIVALENCE MAP 850

*1(Z( 95)tREZ )P(Z( 96)PNODUMP)t (Z( 97)rUN97 )#(Z( 98)#UN98 )p MAP 860
2(Z( 99)tL'N99 )f(Z(100)L'EVAPM )v (Z(101)vEVAFEN)t(Z(102)pEVAPMU)' MAP 870

*3(Z(103),Eý:VAPM4V)e(Z(104)tEZPHaL* )t (Z(i05)PSNL )&(Z(106)P'ZTL )p MAP 880
4(Z(.L07)PTAXRT )t(Z(108)t'DNMAP)p (Z(109)?IPRMAP)t(Z(110)PROEPS )* MAP 890
5 (Z(111)vRHlNX )t(Z(112)#VINI )r (Z(11'4)tFINAL )P(Z(ll1flIVMAP )t MAP 900
6(Z(115)tRHIOZ )P(Z'%116)PESA )f (Z(117)#ESEZ '3,(Z(118)vESB )v MAP 910
7(Z(119)pESCARA)#(z(120:rESESP )t (Z(121)#ESESQ )P(ZU122)FESES )p :. 920
8(Z(i2.ý-,EFSALPH),(Z(12'4),ESBETA)t (Z(125)tESCAPB)#(Z(126)PIUMAP )# MAP 930
9(Z(127)#SS! )#(Z(128)#SS2 )p (Z(129)PUMIN )*(Z(130)PSS4 )MAP 940
EQUIVALENCE MAP 950
1(Z(131)tPRTIME)Y(Z(132)tEoR )p (Z(133)PEOT )t(Z(134)PE0B )t MAP 960
2(Z(135)#EMOR )P(Z(136)tDXF )v (Z(137)vDYF )P(Z(138)#RHOMIN)p MAP 970
3(Z(139)PSTAB)p (Z(140)tXIENRG)t (Ztl4l)vXKENRG)t (Z(142)PXTENRG)FMAP 980
4(Z(143)tSTT )P(Z(144)PDTMIN )*(Z(145)tTRNSFC)v(Z(146)pEMOT )t MAP 990

5(Z(147)PJPR0J )v(Z(2L48)fCNAUT ~i(Z(149)PBBAR )t(Z(150)#EMOB )MAP1000
C MAP1010

c 0 * * 0 0.e~e e 0 0.. 0 *..** .. ee* *.* 9 0 ...... 0. 0 *.......9 000 0o3 MAP 10 20
C MAP-"30

C END OF COMMON MAP1040
C MAP1050

C MAP1070
* LDIMENSION VALUE(40) MAP1080

DIMENSION ALE(41) MAP1090
DATA ALE/2H t2H *92H -t2H At2H BpRH C#2H Dt2H Et2H F? MAP1100
1 2H GF2H Hv2H Ir2H J#2H Kp2H Lv2H Mt2H N#2H 0, MAP1110
2 2H P#2H Q#2H' R#2H St2H Tr2X U#2H Vp2H W#2H Xv MAP112O
3 2H Yr2H ZP2t1 +r2H *#2H 192H 2t2H 3t2H 4t2H 5p MAP1130
4 2H- 6#2H 7#2H1 8t2H 9t2H 0/ MAP1140
DIMENSIONJ XUM(41) MAP1150



DAan L-/2 ;2H anr MAPi 160
"1 -2H-G,2H-HA2H-I,2HJ,,2H K f2H _L p2HM 2HN 02HOt MAP1170

3 2H-Y,2H-Z,2H-+t2H-*,2H-l,2H--2,2H-3,2H-4,2H-5, MAPI-90
4 2H-6,2H--7#2H-8#2H-9t2H 0/ MAP1200

C MAP1210
4 C** SEARCH FOR MINIMUM AND MAXIMUM COMPRESSIONS MAP1220

C TO SCALE COMPRESSION MAP MAP1230
C MAP1240

lDL=I1 MAP1250
JDL=I2 MAP126U
IF (NC.NE.0) 6O TO 10 MAP1270
IDL=MlNO (IMAXi 55) MAP1280

1J9L=JMA X MAP1290
10 WSMAX=o. MAP1300

WSMIN7-1O MAP1310
C MAP1320

00 20 J~lPJDL MAP1330

00 20 I1lPIDL MAP1450
K=K+l MAP1560
WSA=AMX(K)/(TAU(I)*DY~j)*RHOZ) MAP134-0
IF (WSAoEQcO.) GO TO 20 MAP1380
WSMAX=AMAX1 (WSMAX, WSA) MAP1390
WSMIN=AMIN1 (WSMINWSA) MAP1400

20 CONTINUE MAP1410
IF (WSMIN*LToWSMAAX) GO TO 30 MAP 1420
WSMINO * MAP1430

C MAP144'U
C * DEFINE LINEAR SCALE FACTOR AND PRINT KEY TO MAP1480
C COMPRESSION MAP. MAP 1485

-30 DSCALE= (4SMAX-WSMILN)/FLOAT(IDNMAP) MAP1510
IF ((AINT(DSC.ALE*100.)).LT.(DSCALE*100.8) GO TO 50 A52
DSCALE=AINT (DSCALE*100 ) /100 * MAP1530
GO TO 60 MAP1540

50. DSCALE-A.NT(DSC.ALE*1000+1.)/100* MAP1550
60 CONTINUE MAP1560

DO 70 I=IPIDNMAP MAP1570
70 VALUE _(I) WSMIN+FLOAT (I) *DSCALE MAP1580

WRITE (6t860) MAP12590
IL I M1=1 MAP1600
IL IM2=20 MAP1610

8o IF (IDNNMAPoLTsILI,%a) ILIYM2=IDNMAP MAP1620
WR.ýTE (bt870) (ALE(I+1)#I=ILIMlPILIM2) MAP1630
WR~ITE (6r960) (VALUE(I),I=ILIM1#ILIM2) MAP1640
IF (IDNMAPQEQ.QILIM2) GO TO 90 MAP1650
IL I MIIL IM2+ 1 MAP1660
ILIM2=ILIM2+20 MAP1670
GO TO 80 MAP1680

90 CONTINUE MAP1690

WSRITE (6p980) MAP1700
r MAP1710

J=JDL MAP1720
100 K=(J-1)*IMAX+1 MAP1 730
C MAP1740

Do 1,.n0 I~lIDL MAP1750



K=K+ I ,1,Ar 7 W
IF (AMX(K),GTOo) GO TO 110 MAP1770
GO TO 130 MAP1780

110 WSA=AMX(K)/(TAU(I)*DY(J) "lOZ) MAP1790
IF (WSAGT*WSMIN) GO TC .20 MAPiSO

C *** PRINT A DOT TO REPRESENT SMALLEST CCmPRESSION, MAP1805
MA7-2 MAP1810
GO TO 140 MAP1820

120 TMA=(WSA-WSMIN)/DSCALE+l. MAP1830
MA=TMA MAP1840
IF (WSA°GT.FLOAT(MA-1)*DSCALE+WSMIN) MA=MA+l MAP1850
GO TO 14U MAP1860

C *** PRINT A BLANK FOR EMPTY CELLS. MAP1865
160 MA=l KAP1870
140 PR(I)=ALE(MA) MAP1880
"150 CONTINUE MAP1890
"C * PRINT J-VALUE ALONG Y-AXIS WHEN IT IS A MULTIPLE OF 5. MAP1895

IF (MOD(JP5).NE.O) GO TO 160 MAP1900
WRITE (6#580) Jp(PR(I)}I=lIDL) MAP1910
GO TO 170 MAP1920

160 WRITE (6p890) (PR(I),I1lPIDL) MAP1930
170 d=J-1 MAP1940

IF (J.GT.O) GO TO 100 MAP1950
C *** PRINT AND LABEL X-AXIS OF MAP. MAP1960

PR(I}=ALE(30) MAP1970
wRITE (6v880) J,(PR(1),I=ltlDL) MAP1980
WRITE (60900) (II=OIDL,5' MAPg990

C MAP2000
"C *** SEARCH FOR MINIMUM AND MAXIMUM PRESSURES MAP20O1
C TO SCALE PRESSURE MAP MAP2020
C MAP2030

WSMAXOOo MAP2O40
C MAP2050

DO 180 J=lJDL MAP2060
DO 10 =I1,IDL MAP2070
K=(J-1)*IMAX+I+l MAP2080
WSA=ABS(P(K)) MAP2090
!F (WSA.EQ.O.) GO TO 180 MAP2100
WSMAX=AN)AX1(WSMAXWSA) MAP2110

180 CONTINUE MAP2120
WSMIN1o 0 **PAIN MAP2130
WRITE (6#910) MAP2140

C *** PRINT KEY TO MAP ONLY IF THERE ARE NON-ZERO PRESSURES. MAP2145
IF (WSMAXNE.0O) GO TO 190 MAP2150'
J--JDL MAP21_3
GO TO 260 MAP217U

C MAP2180
C *** DEFINE LOGARITHMIC SCALE FACTOR AND PRINT KEY TO MAP2220
C PRESSURE MAP. MAP2230
190 MAXEXP=INT(ALOG1O(WSM;X)) MAP2240

MINEXP:1NT(ALOG0O(WSMIN)) MAP2250
PSCLE=FLOAT(MAXEXP-MINEXP+1)/FLOAT(IPRMAP) MAP2260
IF (CAINT(PSCLE*1000.)'J.LT.(PSCLE*1000,)) GO TO 210 MAP2270
PSCLE=AINT(PSCLE*1000.)/1000, MAP2280
GO TO 220 MAP2290

"210 PSCLE:AINT(PSCLE*1000,'-)/10O00. MAP2300
220 CONTINUE MAP2310
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DO 26U I:1,IPRMAP MAP2320
L Ž^U VALuE()z0 IIIrINE EX P +,FL Q .1 P L MAP2330

ILI 1=1 MAP2340
ILIM2=10 MAP2350

240 IF (IPRMAPoLTUILIM2) ILIM2=IPRMAP MAP2360
WRITE (6P920) (ALE(I+3)hI=ILIMlILIM2) MAP2370
WRITE (6t970) (VALUE(I)?I=ILIM1,ILIM2) MAP2380
IF (IPRMAPoEQ.ILIM2) GO TO 250 MAP2390
ILIMI3ILIM2+1 MAP2400
ILIM2=ILIM2+10 MAP2410
GO TO 240 MAP2420

25U CONTINUE MAP2430
WRITE (6#980) MAP2440

C MAP2450
J=JDL MAP2460

260 K=(J-1)*IMAX+I MAP2470
C MAP2480

DO 320 I:lIDL MAP2490
K=K+l MAP2500
IF (AMX(K).GT.Oo) GO TO 270 MAP2510

C *** PRINT A BLANK FOR EMPTY CELLS. MAP2515
MA 1 MAP2520
GO TO 310 MAP2530

270 !F (P(K)oNEo.0) GO TO-280 MAP2540
C *** PRINT A ZERO FOR NONEMPTY CELLS WITH ZERO PRESSURE. MAP2545

MA=41 MAP2550
GO TO 310 MAP2560

280 FLOTMA=(ALOGIO(ABS(P(K)))-FLOAT(MINEXP))/PSCLE+3. MAP2570
INTMA=INT(FLOTMA) MAP2580
IF (FLOTMA.GT.FLOAT(INTMA)) GO TO 290 MAP2590
MA=INTMA MAP2bO0
GO TO 300 MAP261O0

290 MAZINTMA+l MAP2620
C *** DO NOT USE DOT AND DASH IN PRESSURE MAP* MAP2625
300 IF (MAoLEo3) MA=4 MAP2630
310 CONTINUE MAP264O

PR(I)=ALE(MA) MAP2650
C *** USE XUM ARRAY OF SYMBOLS FOR NEGATIVE PF$FSSURES. MAP2655
320 IF (P(K)oLT.O.) PR(I)=XUM(MA) MAP2660
C MAP2670

IF (MOD(J,5).NE.O) GO TO 330 MAP2680
WRITE (6t880) J,(PR(I),I=IIDL) MAP2690
GO TO 340 MAP20O0

330 WRITE (6#890) (PR(I),#I1,IDL) MAP2710
3 J JZJ-1 MAP2720

IF (J.GToO) GO TO 260 MAP2730
C *** PRINT AND LABEL X-AXIS OF MAP. MAP2740

PR(1)=ALE(30) MAP2750
WRITE (6,880) J,(PR(1),I=1,IDL) MAD2760
WRITE (6r900) (II=0,IDL,5) MAP2770

C MAP2780
C *** SEARCH FOR MINIMUM AND MAXIMUM RADIAL MAP2790
C VELOCITIES TO DEFINE SCALE FACTOR OF MAP2800
C RADIAL VELOCITY MAP MAP2810
C MAP2820

WSMAX=O, MAP2830
C MAP284O
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!I

00 350 J=ltJDL MAP2850

K=(J-I)*IMAX+I+l MAP2870
WSA=ABS(U(K)) MAP2880
IF (hSA.oQ.O.) GO TO 350 MAP2890
WSMAX=AMAX1(WSMAXpWSA) MAP2900

350 CONTINUL MAP2910
WSMIN=1O.*UM1N MAP2920
WRITE (6t930) MAP2930

C *** PRINT KEY TO MAP ONLY IF THERE ARE NON-ZERO VALUES, MAP2935
IF (wSMAXNE,0O) GO TO 360 MAP2940
J=JDL MAP2950
GO TO 4Z0 MAP2960

C MAP2970
C MAP3020
C *** USCLE IS LOGARITHMIC SCALE FACTOR OF RADIAL VELOCITY MAP3030
C MAP. MAP3040
360 MAXEXP=INT(ALOGl0(WSMAX)) MAP3050

MINEXP=INT(ALOG1O(WSMIN)) MAP3060
USCLE=FLOAT(MAXEXP-MINEXP+1)/FLOAT(IUMAP) MAP3070
IF ((AINT(U•CLE*1O00.)).LT.(USCLE*1O00.)) GO TO 380 MAP3080
USCLE=AINT(USCLE*1000.)/1000* MAP3090
GO To 390 MAP3100

360 USCLE=AIIIT(USCLE*1000.+1.)/1000. MAP3110
390 CONTINUE MAP3120
C *** PRINT KEY TO MAP. MAP3125

DO 400 I=ltlUMAP MAP313O
400 VALUE(I)=10.**(MINEXP+FLOAT(I)*USCLE) MAP3140

ILIM1=1 MAP3150
IL1M2=l0 MAP3160

410 IF (IUMAPoLT.ILI;A2) ILIM2=IUMAP MAP3170
WRITE (6p920) (ALE(Ii3)PI:ILIMltILIM2) MAP3!80
WRITE (b,970) (VALUE(I)PIZILIM1#ILIM2) MAP3190
IF (IUMAPoEQ.ILIM2) GO TO 420 MAP3200
ILIMI=ILIM2+1 MAP3210
ILIM2=ILIM2+10 MAP3220
GO TO 410 MAP3230

42u CONTINUE MAP3240
WRITE (6#980) MAP3250

C MAP3260
J=JUL MAP3270

430 K=(J-1)*IMAX+1 MAP3280
C MAP3290

DO 490 I=1PIDL MAP3300
K=K+1 MAP3310
IF (AMX(K).GT.Oo) GO TO 440 MAP3320

C*** EMPTY CELL. MAP3325
MA= 1 MAP3330
GO TO 4bU MAP3340

440 IF (U(K)oNE.0.) GO TO 450 MAP3350
C *** ZERO RADIAL VELOCITY. MAP3355

MA=41 MAP3360
GO TO 480 MAP3370

450 FLOTMA=(ALOGIO(AbS(U(K)))-FLOAT(MINEXP))/USCLE+3. MAP3380
INTMA=INT(FLOTMA) MAP3390

SIF (FLOTMAoGT.FLOAT(INTMA)) GO TO 460 MAP3400
MA=INTMA MAP3410
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GO TO 47U MAP3420
4o0 MA=INTMA+1 L r-. ,, n

C * JO NOT USE DOT OR DASH IN RADIAL VELOCITY MAP, MAP3435

4o0 ý.ONTINUL MAP3450
PR(I)ZALE(MA) MAP5460

C USE XUM ARRAY FOR NEGATIVE RADIAL VELOCITIES. MAP3465

49U IF (U(K).LTO.) PR(I)-XUM(MA) MAP3470
C PRINT J-VALUE ALONG Y-AXIS WHEN IT IS A MULTIPLE MAF3480
C OF 5, MAP3485

IF (MiOD(J,5).NE,0) GO TO 500 MAP3490
wRITE (6,880) J,(PR(I),IlIDL) MAP3500

GO TO 510 MAP3510
5uu vwRITE (b,890) (PR(I)wI=l,.DL) MAP3520
510 J=J-1 MAP3530

IF (J.GTo0) GO TO 430 MAP3540
C *** PRINT AND LABEL X-AXIS OF MAP. MAP3550

PR(I)=ALE(30) MAP3560
WRITE (6t880) J,(PR(1),pI=ltDL) MAP3570
WRITE (6#900) (I=IU0,IDLr5) MAP3580

C MAP3590
C * SEARCH FOR MINIMUM AND MAXIMUM AXIAL MAP3600
C VELOCITES TO DEFINE SCALE FACTOR OF MAP3610
C AXIAL VELOCITY MAP MAP3620
c MAP3630

V, SMAX=O. MAP3640
C MAP3650

00 520 J:lJDL MAP3660
00 520 I=:,IDL MAP3670
K=(J-1)*IMAX+I+l MAP368O
iSA=ABS(V(K)) MAP3690
IF (WSAEQ,0) 60 TO 520 MAP3700
WSMAX=AMAXI(%SMAXrWSA) MAP3710

52u CONTINUE MAP3720
wSMIN=109*UUMIN MAP3730
WRITE (6p940) MAP3740

C *** PRINT KEY TO MAP ONLY IF THERE ARE NON-ZERO VALUES. MAP3745
IF (WSMAXoNE.O.) GO TO 530 MAP3750
,J=JL MAP3760

OC TO 600 MAP3770
C MAP3780
C MAP3820
C V* VSCLE IS LOGARITHMIC SCALE FACTOR FOR AXIAL VELOCITY MAP3830
C MAPs MAP3840
56U MAXEXP=lNT(ALOGlUWSMAX)) MAP3850

MiNEXPIlNT(ALOG1O(WSMIN)) MAP3860
VSCLE=FLOAT(MAXEXP-MINEXP+1)/FLOAT(IVMAP) MAP3870
IF ((AINT(VSCLEsIOOO.)).LT,(VSCLE'1000.)) GO TO 550 MAP3880
VSCLE=AINT(VSCLE*100.,})/1000. MAP3890
GO TO 56U MAP3900

5bO VSCLE=AINT(VSCLE*1000.fl,)/1000. MAP3910
5o0 CONTINUE MAP3920
C *** PRINT KEY TO AXIAL VELOCITY MAP. MAP3925

DO 570 I=1;IVMAP MAP3930
570 VALUE(I)=10O.*(MINEXP+FLOAT(1)*VSCLE) MAP3940

ILl 1 1=' MAP3950
ILIM2=10 MAP3960
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5#10 IF (IVMAP.LT.ILIM2) ILIM2=IVMAP NAP3970
WRITE (bp920) (ALE(I÷3)rI=ILIMl#ILIM2) MAP39Bo
WRITE (6t970) (VALUE(I)PI:ILIMlILIM2) MAP3990
IF (IVMAP.EQ.ILIM2) GO TO 590 MAP4000
ILIMI=ILIM2+1 MAP4010
ILIM2=ILIM2+1O MAP4020
GO TO 580 MAP4030

* 590 CONTINUE MAP4040
WRITE (6#980) MAP4050

C MAP4O60
J=JDL MAP4070

600 K=(J-I)*IMAX+l MAP408U
C MAP4090

DO 660 I~lPIDL MAP4100
K=K+l MAP4110
IF CAMX(K).GT.0.) GO TO 610 MAP4120

C *** EMPTY CELL. MAP4125
MA=I MAP4130
GO TO 650 MAP4140

610 IF (V(K).NEeO.) to TO 620 MAP4150
C *** ZERO AXIAL VELOCITY. MAP4155

MA=41 MAP4160
GO TO 650 MAP4170

620 FLOTMA=(ALOG1O(AtS(V(K)))-FLOAT(MINEXP))/VSCLE+3o MAP4180
INTMA=INT(FLOTMA) MAP4190
IF (FLOTMA.GT.FLOAT(INTMA)) GO TO 630 MAP4200
'4A=INTMA MAP4210
GO TO 640 MAP4220

630 MA=INTMA+l MAP4230
C *** DO NOT USE DOT OR DASH IN AXIAL VELOCITY MAP* MAP4235
640 IF (MA.LE.3) MA=4 MAP4240
66O CONTINUE MAP4250

PR(I)=ALE(MA) MAP4260
C *** USE XUM ARRAY FOR NEGATIVE AXIAL VELOCITIES* MAP4265
660 IF (V(K),LT.o.) PR(I)=XUM(MA) MAP4270
C *** PRINT. J-VALUE ALONG Y-AXIS WHEN IT IS A MULTIPLE OF 5. MAP4280

IF (MOD(Jr5).NE-O) GO TO 670 MAP4290
WRITE (6t880) J,(PR(I)pI=lvIDL) MAP4300
GO TO 680 MAP4310

670 WRITE (6p890) (PR(I)#I=IPIDL) MAP4320
660 J=J-1 MAP4330

IF (JoGT,0) GO To 600 MAP4340
.C *** PRINT AND LABEL X-AXIS OF MAP. MAP4350

PR(I)=ALE(30) MAP4360
WRITE (6P880) JP(PRl1)rI=I1IDL) MAP4370
WRITE (6#900) CII=OPIDLP5) MAP4380

C MAP4390
C *** SEARCH FOR MINIMUM AND MAXIMUM SPECIFIC INTERNAL MAP4400
C ENERGIES TO DEFINE SCALE FACTOR OF ENERGY MAP MAP4410
C MAP4420

WSMAX=0* MAP4430
C MAP4440

00 690 J=lFJDL MAP4450
DO 690 I=lPIDL MAP4460
K=(J-I)*IMAX+I+l MAP4470

SWSAZABS(AIX(K)) MAP4480
IF (WSAEQ,0O) GO TO 690 MAP4490
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t)90 CONTINUE MAP4510

WVRITE (6p950) MAP4530
C * PRINT KEY TO MAP ONLY IF THERE ARE NON-ZERO VALUES. MAP4535

IF (WSMAX.NE.O.) GO TO 700 MAP4540
J=JDL MAP4550
GO TO 770 MAP4560

C MAP4570
C MAP4610
C *** ESCLE IS LOGARITHMIC SCALE FACTOR FOR INTERNAL ENERGY MAP4620
C MAP. MAP4630
700 MAXEXP=lNT(ALOG1U(WSMAX)) MAP4640

MINEXP=INT(ALOG1O(WSMIN)) MAP4650
ESCLE=FLOAT(IAXEXP-MINEXP+3)/FLOAT(IEMAP) MAP4660
IF ((AINT(ESCLE*1000.)),LT.(ESCLE*1000.)) GO TO 720 MAP4670
ESCLE=AIiAT(LSCLE*10O0.)/1000. MAP4680
GO TO 730 MAP4690

720 ESCLE=AINT(ESCLE*1000.+1.)/1000. MAP4700
C *** PRINT KEY TO INTERNAL ENERGY MAP. MAP4705
70) CONTINUE MAP4710

UO 740 I=lIEMAP MAP4720
740 VALUE(I)=ZLo-,*(MINEXP+FLOAT(I)*ESCLE) MAP4730

ILIM1=1 MAP4740
ILIM2=1O MAP4750

7o0 IF (IEMAP.LT.ILIM2) ILIM2=IEMAP MAP4760
WRITE (6t920) (ALE(I+3),I=ILIMlILIM2) MAP4770
WRITE (6#970) (VALUE(I),I=ILIM1,ILIM2) MAP4780
IF (IEMAPEQ.IL!M2) GO TO 760 MAP4790
ILIMI=ILIM2+1 MAP4800
SLIM2=!LIM2+1O MAP4810
GO TO 750 MAP4820

7o0 CONTINUE MAP4830
V-RITE (6r980) MAP4840

C MAP4850
J=JDL MAP4860

77u K=(J-1)*IMAX+i MAP4870
C MAP4880

DO 830 IlpIDL MAP4890
K=K+l MAP4900
IF (AMX(K).GT.0.) GO TO 780 MAP4910

C EMPTY CELL. MAP4915
MA=1 MAP4920
GO TO 820 MAP4930

760 IF (AIX(K).NE.0.) GO TO 790 MAP4940
C * ZERO INTERNAL ENERGY. MAP4945

MAP4950
GO TO 820 MAP4960

790 FLOTMA=(ALOGIO(A•S(AIX(K)))-FLOAT(MINEXP))/ESCLE+3. MAP4970
INTMA=INT(FLOTMA) MAP4980
IF (FLOTfA.GT.FLOAT(INTMA)) GO TO 800 MAP4990
MA=INTVA MAP5000
GO TO 810 MAP5010

800 MA=INTMA+1 MAP5020
C * Do NOT USE DOT AND DASH IN INTERNAL ENERGY MAP. MAP5025
610 IF (MA.LE.3) MA=4 MAPS030
6e0 CONTINUE MAP50O4
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PR(I)=ALE(MA) 
IA A --

860 IF (AIX(K).LT.0O) PR(I)=XUM(MA) MAP5060

C * PRINT J-VALUE ALON5 T-AXIS WHEN IT IS A MULTIPLE OF 5, rrOvi,

IF (MOD(Jp5),NEO) GO TO 840 MAP508

WRITE (6t880) Jp(pR(I),I=tlrDL) MAP5090

GO TO 850 MAP5100

84O WRITE (6t890) (PR(I),I=1,IDL) MAP5110

• 850 J=J-X MAP5120

IF (J.GT.O) GO TO 770 MAP5130

*** PRINT AND LABEL X-AXIS OF MAP. MAP5140

PR(1)=ALE(30) 
MAP5150

WRITE (6,880) Js(PR(l.})I=ltIDL) MAP5160

WRITE (6P900) (II=OIIDL?5) MAP5i70

C 
MAP5180

C 
MAP5190

RETURN MAP5200
C 

MAP5210

C *** FORMATS MAP5215

Boo FORMAT (lHl,4X,1bHCOMPRESSION //) MAP5220

i B0 FORMAT (16H SYMBOL ,20(3XFA2)) MAP5230

86U FORMAT (IlOp2H IP54A2) MAP5240

890 FORMAT (lOXr2H I#54A2) MAP5250
9uO FORMAT (112,10I.0////) MAP5260

i 910 FORMAT (1HlPXvl5HPRESSURE /1) MAP5270

920 FORMAT (16H SYMBOL Pi0(3X!A2u5X)) MAP528O

960 FORMAT (1Hl,#X,15HRADIAL VELOCITY//) MAP5290

940+ FORMAT (1H1l4X,15HAXIAL VELOCITY //) MAP5300

950 FORMAT (lHlLXtlbHINTERNAL ENERGY//) MAP5310

9o0 FORMAT (16H MAXIMUM VALUE t20(F5.2)) MAP5320

- 970 FORMAT (16H MAXIMUM VALUE ,iP1OEIO,2) MAP5330

960 FORMAT (//) 
MAP5340

END 
MAP5550-.
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b~u~ulllE fllPH-I 10
bcbPHWU1NE2P0

% Phi± 30

UIMENSIO6N AMX(25U2),AIX(2'502)tU(2502) #V(2502) #P(2502) t Psia 40I .4 PK (1lb) p Z(150) , PHI 80

5 XP(26#5I) tYP(26p5I)t PHI 90
b PL.(2U4) PUL(204) PPR(204) F PHi 100
7 RSN(52)p RST(52)p PHI 110

6CMXP(5) tCMYP(5) PIJ(5) PJK(5) fPHI 120
9 DX(52) ,UDX(5Lf) tDY(i02) PCDYýi04) p PHI 130

$SNb(52) tSTB(52) tUK(52p3) PVK(52#3) tRHO(52t3) PHI 140
C **UIN~ENSI0NED ARRAYS PHi 150
C *I*Z-BLOCK IS SAVED ON TAPE* PHI 160

COMMO0N1 01 2 PHi 170
COMMON PK PHi 180
COMMO0N YYP xx PHI 190
COMMON VDXt UDY PHI 200
COMMON AMXp MIXI Ut V? P P-il 210
COMMON TAUF JP(A PHi 220
COMMON4 UL # PL PH-I 230
COM1MON XP P YPt CMXPI CMYP PHI 240

C**NON-DIME1NSIONED VARIABLES PHi 250
COMMON AID PAMMV PAMMY tAMPY #AMUR tAMUT tAMVR t PHI 260
1AMVT tikLE8 tGELER PDELE7 PDELM vDTODX tDXAYMINPEAMMP PEAMPY P Pi-l! 270
2E tEr<DUMPtI t13 rIWS ,.J PK KA rKB f PHI 280
3LL tMD) #ME tMZT PNERR rNK PNPRINTP PHi 290
4NR #NRZ PNULLE PPIDTS PSIEMIN#SNR PSNT rSTR #SOLID t PHi 300
5sum vTESTRHpTWOPI tURR vWS rWSA rWS8 tWSC PWFLAGFP PHI 310
6A'FLAGLt WFLAGP PHI 320

C PHI 330
C *w* THE FOLLOWING EQUIVALENCES MAKE AVAILABLE PHI 3140
C X(O)t Y(0)p DX(0)r DY(0) PHI 350
C PHi 360

EQUIVALENCE (XX(a)t X(i))p (YY(2)t Y(i)) PHI 370
EQUIVALENiCE (DDX(2)t DX(l).p (DDY(2)t DY(i)) PHI 380

C PHI 390
C** SPECIAL EQUIVALENCES FOR PH2 ONLY PHi 400
C PHI 410

'QUIVALENCE (ULtFLEFT)t (UL(103)PYAMC)t PHI 420
1 (PL#GAMCPPR)p (PL(103)PSIGC) PHI 430

C PHi 440
C **SPECIAL EQ~UIVALENCES FOR PH3 ONLY PHi 450
C PHI 4I60

EQUIVALENCE (UL#RSN)v PHI 470
1 (PLPRST)t (PoUK)o, PHI 480
2 (P(157htVK)o (P(3i3)PSNB)t PHi 490
3 (P(365)#STB)t (P(417)tRHO) PHI 500

C PHI 510
C **SPECIAL EQUIVALENCES FOR EDIT PHI 520
C PHI 530

EQUIVALENCE (PR(i)p I~J)p (PR(6)r JK) PHI 540
C PHI 550
C ** -STORAGE EQUIVALENCES PHI 560
C PHI 570

EQUIVALENCE (Z( i)pPROB )?(Z( 2)PCYCLE )p PHi 580



1CZ( 3)#jT )#(Z( 4)vNUMSP )#CZC 5)#tNFRE:LP)PCZ( 6)PNOUMP7)0 PHI 590
- 2(Z( 7)#ICSTOP)P(Z( B)PPIDY )s (Z( 9)#TOPMU )P(Z( 10h#RTMU ), PHI. 600

3(ZC Ii)#STKL )P(Z( 12)oNUMREZ), (Z( 13)vETA4 )P(Z( i4)PUNi4 )p PHI 610
4(Z( 15)vRHltJIT)vCZ( 16)tPROJI )p (Z( 17)PUN17 )PCZ( 18)#XMAX )p PHI 620
S(ZC 19)PNZ 'e(Z( 20)PNREZ )p (Z( 21),AMDM )PCZ( 22)PUVMAX )r Phi 630
6(Z( 2~3)PUN2~3 )#CZ( 24)vDMIN )v (Z( 25)PJSTR )PCZC 26)FDTNA )p PHI 640
7(Z( 27)#CVIS )P(ZC 28)PSTK2 )p (Z( 29)vSTEZ )PCZC 30)oNC )p PHi 650
BCZ( 31)PUN3l )P(ZC 32)*NRC )o (Z( 33)oIMAX )PCZ( 34)#IMAXA )v PHi 660
9(Z( 35i)PJMAX )#(Z( 36)rJMAXA )v (ZC 37)PKMAX )PCZC 38)ýKMAXA )PH1- 670
EQUIVALENCE PHI 680

1(Z( 39)#BOTM )o(ZC 40)#BOTMV )p (Z( 41V.NU?4SPT)P(Z( 42)PCZERO )v PHI 690
2(ZC II3)PNUM4SCA)P(Z( 44)PPRLIM )t (Z( 45)PPRDELT)PCZC 46)PPRFACT) PHI 700
EQUIVALENCE PHi 710

12L(( 47)pIi )P(ZC 48)o,12 )p (Z( 49V.-IPCYCL)o,CZC 50)oTSTOP )v PHI 720
2(Z( 5i)PRHOFIL)P(Z( 52)#TARGV )p CZC 53)PN3 )P(ZC 54)PIVARDY)t PHI. 730
3(Z( 55)PVT )tCZC 56)PN6 )p (Z( 57)PRTM )#CZ( 58),RTMV )p PHI 740
4(Z( r 9)PUN59 )#(Z( 60)PNiO )p (Z( 61)pNlI )t(Z( 62)PGAMMA )v PHI 750
5(Z( 63)eTOPM )#(Z( 64)#BOTMU )v (Z( 65)PSN )F(Z( 66) iTOPMV )t PHI 760
6(Z( 67)#PRYBOT)P(Z( 68)PPRYTOP)o (Z( 69)PPRXRT )PCZ( 70)PCYCPH3)o PHi 770
7(Z( 7IV.REZ'FCTV.(ZC 723PTARGI )v (Z( 73V.PROJU )#(Z( 74)PBBOUND)t PHi 780
8CZ( 75)PEVAP )PCZC 76)PECK )v (Z( 77)PNECYCLV.(Z( 78)PII )p PHI 790
9(Z( 79)tJ'J )#(Z( 80V.NMP )p (Z( 8I)PY2 )#(Z( 82)PEZPH1 PHI 800
EQUIVALENCE PHI 810

1CZ( 83)#IVARDX)#(Z( 84)PT )v (Z( 85)PNMPMAX)P(ZC 86)#PMIN )p PHI 820
2CZC 87)#INTER )#(ZC 88V.TAYBOTV. (Z( 89)PTAYTOPV.CZC 90)PIEMAP )p PHI 830
3C1( 9iV.mc )P(Z( 92V.MR )t (Z( 93)PMZ )pCZC 94)#MB )PHI 840
EQU IVALENCE PHI 850

1CZ( 95)vREZ )#(Z( 96)PNODUMP)p (Z( 97)PUN97 )#CZ( 98V.UN98 )v PHI 860
* 2(Z( 99)#UN99 )P(Z(iOO)PEVAPM )p CZ(i0i)PEVAPEN),(Z(iO2),EVAPMU)e PHI 870

3CZ(103)PEVAPMVV.(zCIo4)#EZPH2 )v (Z(105)PSNL )#CZ(106)PSTL )p PHI 880
'4CZ(107)PTAXRT )#(Z(108)#IDNMAP)p (ZCIO9)PIPRMAP)e(Z(IiO),ROEPS )p PHI 890

* 5(Z(111V.RHINI )P(Z(112)tVINI )v (Z(113)#FINAL-)P(Z(114)#IVMAP )p PHI. 900
6CZ(iI5)PKHOZ )P(Z(1I6)#ESA )p (ZC117)PESEZ )u(Z(1i8)PESB )v PHi 910
7(Z(119)vESCAPA)e(ZC120)pESESP )p (Z(121)#ESESQ )t(Z(122)#ESES )p PHI 920
8(Z(i23),ESALPHV'CZCI24),ESBETA)e (Z(i25)PESCAPB)PCZ(I26V#YUMAP )v PHi 930
9(Z(i27)PSSI ).(Z(i28)tSS2 )p (Z(129)pUMIN )#CZ(i30)PSS4 )PHi 940
EQUI VALENCE PHI 950
i(Z(i3i)#PRTI1ME)#(ZC132)oEOR )v (Z(133)pEOT )PCZ(i34)PEOB )p PHI 960
2CZC135)#EMOR )PCZ(i36)PDXF )p CZC137)#DYF. ),CZ(i38)#RHOMIN)t PHI 970
3CZ(J39)rSTABV. CZ(i40).XIENRG)t CZ(141)#XKENRGV. CZ(i'42)PXTENRG),PHi 980
'ICZC143)PSTT )P(Z(144)PDTMIN )p (Z(i1'+5)PTRNSFC)P(Z(146)PEMOT )v PHi 990
5CZ(i47)PJPROJ )oCZ(i48)#CNAUT )p CZ(i49V.BBAR )PCZ(i50V.EMOB )PH11000

C PH11010
C
C PH11030
C. END OF COMMON PH-11040
C PHIIOSO
C . ....... o... 06.00o*00900. 000000000 oee* eg. 006000......e.e*e.... .oPH11O6O
C
C **PHI COMPUTES THE EFFECT OF THE PRESSURE GRADIENTS ON PH11062
C UPDATING THE VELOCITIES AND INTERNAL ENERGIES. PH11064
C PH11070
C **NRT AND NRC ARE USED TO ADVANCE THE ACTIVE. GRID. PH11075

NRT=0 PH11080
NRC=0 PH11090

4C s VEL=1. FLAGS FIRST PASS. ON SECOND PASS# VEL Oo0 PH-11095
*VEL~loO PH11100
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R *4* XC = OISTANCE FROM AXIS TO CENTER OF CELL K. PH11102
C RR = LISTANCE FROM AXIS TO CENTER OF CELL K+1. PH1104
lu RC=OX(1)/2,U PH11110

kR=RC+(OX(1)+DX(Z))/2.O PH11120
K=2 PH11130

C ** FOR ALL CELLS IN COLUMN NEXT TO AXIS, SET PRESSURE PH11132
C AT LEFT SIDE OF CELL = PRESSURE IN CELL, AND SET PH11134
C RADIAL VELOCITY AT LEFT SIDE OF CELL = 0. PH11136

uO ;u J=1EJMAX PH11140

PL(j)=P(K) PH11150
UL(J)=0.o PH11160

u .KK+IMAX PH11170
O 140 1=1,11 PH11180
K=i+1 PH11190

C *** DEFINE PRESSURE AND AXIAL VELOCITY AT BOTTOM PH11192
C BOUNUARY OF GRID. PH11194

V LQ=V(K) PH11200
PjLO=P(K) PH11210

C *** IF BOTTOM BOUNDARY OF GRID IS REFLECTIVE, SET PH11212
C AXIAL VELOCITY AT THAT BOUNDARY = 0. PH11214

iF (CVIS.GT.(-.5)) VdLO=O. PH11220
TAUUTS=TAU(I) *DT PH11230

C•o 130 J=lI2 PH11240

N=K+I;.;AX PH11250

PIOTS=1.0/(PIDY*DT*DY(J)) PH11260
IF (AMX(K)*LE0o.) GO TO 30 PH11270

IF (I.LT.IMAX) GO TO 50 PH11280
C ** FCR ALL CELLS IN LAST COLUMN OF GRID, SET PRESSURE PH11282
C AT RIGHT OF CELL = PRESSURE IN CELL. COMPUTE PH11284

C ENERGY LOST ACROSS RIGHT BOUNDARY AND SUBTRACT IT PH11286

C FROM ETH, THEORETICAL ENERGY TOTAL. PH11288

PRR=P(K) PH11290
E=PRR*U(K)/PIOTS*X(I) PH11300
ETH=ETH-c. PH11310
EOR=EOR-E PH11320
GO TO 40 PH11330

C *** CELL K IS EMPTY Ph11335
30 PL(J)=. PH11340

UL(J)=U(K+1)*RR PH11350
PbLO=O* PH11360
VbLO=V(N) PH11370
GO TO 13u PH11380

4U UiR=RC*U(K) PH11390
60 TO 70 PH1:400

C ** IF CELL ON RIGHT IS EMPTY SET SPECIAL P AND U PH11410
5u IF (AMX(K+I).GT.Oo) GO TO 60 PH)1420

PtiR=U. PH11430
URR=U(K)*RC PH11440

GO To 70 PH11450
ou PRR=(P(K)+P(K+1))/2. PH11460

URR=(U(K)*RC+U(K+i)*RR)/2. PH11470

7u IF (J.LT.JAAX) GO TO 80 PH11480
C *** FUR ALL CELLS IN TOP ROW OF GRID, SET PRESSURE AND PH11482
C AXIAL VELOCITY AT TOP OF CELL = PRESSURE AND AXIAL PH11484

C VELOCITY IN CELL. COMPUTE ENERGY LOST ACROSS TOP PH11486
C BOUNDARY. PH11486

PABOVE=P(K) PH11490
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E=PABOVE*V(K)/2-*TAUDTS PHI1500
ETH=ETH"-E PH11510
EOT=EOT-E PH11520
Emu T-O,(K) PH11530

fG T 1 PH11540
O *** IF CE.L AB0vL IS EMPTY SET SPECIAL P AND V PH11550

80 IF (AMX(N),GT.,0) GO TO 90 PH11560
PABOVE=O. PH11570
VABOVE=V(K) PH11580
GO TO 100 PH11590

* 90 PABOVE=(P(K)+P(N))/2. PH11600
VABOVE=(V(K)+V(N))/2, PH11610

1DO IF (JGTol) (O TO 110 PH11620
*** IF BOTTOM BOUNDARY OF GRID IS REFLECTIVE, ADD TO ETH PH11622

C THE ENERGY GENERATED BY PRESSURE AT THAT BOUNDARY. PH11624
IF (CVIS.GT.-.5) GO TC 110 PH11630
E=PBL0*V(K)/2,*TAUDT5 PH11b40
ETH=ErH+E PH11650
FOB=ECB+E PH11660

110 IF (VEL.EQ,..) GO TO 120 PH11670
• Z0 :Z 2:COMPUTE UPDATED VELOCITIES ON FIRST PASS (VEL 1,)

V(K)=V(K)+(Pt3LO-PABOVE)*TAUDTS/(AMX(K)) PH11680
SU(K)=U(K)÷(PL(J)-PRR)/(AMX(K))*RC/PIDTS*a°O PH11690

S• 120 CONTINUE PH11700

AIX(X) CHANGED ON BASIS OF GRADIENTS COMPUTED IN FIRST PH11702
CPASS ON SECOND PASS AIX(K) CHANGED AGAIN ON BASIS PH11704

C OF GRADIENTS CACULATED FROM THE UPDATED VELOCITIES* PH11706
•5-(V8LO-VA8OVE)*TAUDTS/2• PH11710
WS=(UL(J)-URR)/PIDTS+WS PH11720

SWSA=AIX(K)+WS*P(K)/AMX(K) PH11730
SAIX{K)ZWSA PH11740
SVBLO=VABOVE PH11750

Ph.w)=PRR PH11760
UL(J)=URR PH11770
PBLO=PA60VE PH11780

C *** RC, Ne RR REDEFINED FOR NEXT CELL IN ROW J. PH11785
130 K=N PH11790

RC=RR PH11800
140 RR=(X(I+1)+X(I+2))/2.0 PH11810

IF (VELEQ04) GO TO 150 PH11820

VEL=O40 PH11830I GO TO 10 PH11840
150 0O 190 1=l#I1 PH11850

K=I+0 PH11860
O0 180 J~lpIz PH11870

C *** SN = 0 (INPUT PARAMETER) SETS NEGATIVE INTERNAL PH11872
C ENERGIES TO ZERO PH11874

IF iAIX(K)°GE°0OORSN.GT,0,) GO TO 170 PH11880
E=AIX(K)*AMX(K) PH11890
ETH=ETH-E PH11900
EZPHI=EZPH!-E PH11910
IF (INTEREQ.0) GO TO 16C PH11920

C *** PRINT PROPERTIES OF CELLS WHOSE NEGATIVE ENERGY IS PH11922
C SET TO ZERO WHEN DOING INTERMEDIATE PRINTS (INTER.GT.0),PH11924

WRITE (6#240) I,J,AMX(K),AIX(K),U(KlV(K) PH1I1930
io0 AIX(K)=OO PH11940
170 IF .INE.I1) GO TO 180 PH1l1950
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S. C **• ENLARGE ACTIVE GRID IN I-DIRECTION IF A CELL IN THE I1 PH11952
C COLUMN HAS NONZERO VELOCITY OR ENERGY, PH11954

IF (U(K).NE.o..ORV(K).NE.0..OR.AIX(K).NE.O.) NRC=l PH11960
1d0 K=K+IMAX PH11970

LL=K-2*IMAX PH11980

C L *IA ENLARGE ACTIVE GRID IN J-DIRECTION IF A CELL IN THE 12 PH11982
C ROW HAS NONZERO VELOCITY OR ENERGY. PH11984

IF (U(LL).NE.O,,OR.V(LL).NE.O,,ORAIX(LL),NEO.) NRT=1 PH11990
190 CONTINUE P112000

11.I1+NRC PH12010
12=IZ+NRT PH12020

C 22 DONT ALLOW ACTIVE GRID TO EXCEED IMAX BY JMAX GRID* PH12025

iF (IE-IMAX) 210,210P200 PH12030
2uo IE=IMAX PH12040
210 IF (I2-JMAX) 230#230P220 PH12050
220 I2=JMAX PH12060
230 RETURN PH12070
C PH12080
24U FORMAT (4H PHlp2I41H M=pPE15*8,6H SIE=PlPE158t4H U=lPL..5o8,PHl2090

14H V=,1PE15.8,18H SIE SET TO ZERO) PH12100
END PH12110-

101.



SUBROUTINE P143 P-~

P143 30
DIMENSION AMX(2502)tAIX(`50Z)rU(2502) #V(2502) #P(2502) aPH'-, 40

1 X(b2) *XX(54) PTAU(52) PJ.PM(52) r PH-3 50IC Y(102) tYY(104) tFLEFTC1O2)t YAMC(102)p SIGC(102)t P143 60
3GAMC(t02)t P143 70
4Pr%'15)t L(150) t PH3 80
5Xp(2bp5j)pYP(26p51)p 

13 06 PL(204) #UL(2U34) PPR(204) t PH3 11007 RSN(52)t RST(52)t PH-3 120
8 CM1XP(5) PC1AYP(5) tIJ(5) PJK(5) Pr3 2
9 DX(52) .L)DX(54) tDY(102) PDDY(104) p PH-3 130
S SNB(52) PSTB(52) PUKC52.3) tVK(52#3) PRHO(52#3) P143 14-0

CD1MENSIONED ARRAYS TAEPi3 10

COMMON zP143 170
COMMON PK PH 180
COMMON YYt A P143 190
COMMON DDXr ODY PH3 200
COMMON AMXP AIX# Up V p PF13 210
COMMON TAUt ~JPM PH-3 220
COMMJ)N UL t PL PH-3 230
COMMON XP t Ypt CmXP. CMYP P143 24-0

C **NON-DIMENSIONED VARIABLES PH3 250
COMMON AID rAMMV PAMMY tAMPY #AMUR eAMUT tAMVR r PH3 260
IAMVT PDELEB POELER PDELET tDELM tOTODX- tDXYMINPEAMMP tEAMPY r P143 270
2E rERDUMPrI #13 PIWS tj tK KA PKB f P143 280
3LL rMO #ME PMZT tNERR tNK PNPRINTP P143 290
4NR PNRZ #UNLLLE rPIDTS rSIEMlNvSNR PSNT tSTR #SOLID r P143 300
5SUM PTESTRHPITWOPI rURR FWS tWSA VWSB #WSC .#WFLAGF# P143 310
6WFLAGLPWFLAGP P143 320

C Pi43 330
C **THE FOLLOWING EQUIVALENCFS MAKE AVAILABLE P143 340
C X(0)p Y(0)p DX(O)p DY(O) .. P143 350
C P143 360

EQUIVALENCE (XX(2)t X(1))p (YY(2)f Y(1)) PH-3 370
EQUIVALENCE iDDX(2)t DX(-))p (DDY(.2)t DY~i)) P143 380

C P143 390
C **SPECIAL EQUIVALENCES FOR PH2 ONJLY P143 400
C P143 410

EQUIVALEENCE (ULPFLEFT)t (UL(103)PYAMC)p P143 420
1 (PL#GAMCPPR)t (PL(103)#SIGC) P143 430

C P143 44.0
C **SPECIAL EQUIVALENCES FOR P143 ONLY Ph3 450
c P143 4.60

EQUIVALENCE (ULtRSN)v P143 470
1 (PLtRST)t (PrUK)t PH3 480
2 (P(157)?VK)o (P(313)tSNB)p P143 490
.3 (P(365)#STB)t (P(417)PRHO) P143 500

C P143 510
C **SPECIAL EQUIVALENCES FOR EDIT P143 520

*C P43 530
EQUIVALE1NCE (PR(1)p IJ)t (PR(o)t JK) P143 540

C P143 550
C * Z-~STORAGE EQUIVALENCES P143 560

EQUIVALENCE (Z( 1),PROB )tCZC 2)pCYCLE )tP13 570



1(Z( 3),...T )#(Z( 4)PNUNISP l'(Z( 5)tNFRELP)P(Z( 6hND%4UMP7)r PH-3 590

Zi(L( ll)tý:Tr( )#(Z( 12)#NUNMREZ)o (Z( 13),ETH )t(Z( 14)tUN14 )P P113 610

b(L( 19)sq/L )t(/-( ?_0)rNNCL )r (Z( 21)PAMD.4 )0'Z( 22)PUVMAX )r 1*13 630
o(L( e6)PUN26 )#(Z( 44)PUMIN )p (Z( 25)PJSTR )e(Z( 26)PDTNA )? P113 6140
7(Z( Z7)tCVIt )#(Z( eb)tSTK2 )t (Z( 29)tSTEZ )?(Z( 30)#NC )p P113 650
63(Z( 31)PUN31 )'(L( 62)?NRC )t (Z( 3,3)PINIAX )P(Z( 3L4)PIMAXA )tP13 660
9(Z( 6t5)PJMAX )P(Z( 66)#JMAXA )p (4'( .37)tKMAX ).-(Z( 38hrKMAXA )PH-3 670
c-OU IVALtNC E P113 680
1(z( i9)tj~Tm )#(Z( 4U))eJOTMV )p (Z( 41)vNUMSPT)PtZ( 42)..CZERO )p P113 690
2(L( '463hpAU.4SCA)#(Z( '+4)tPRLIM )# (Z( 45)#pPRDELT)r(Z( 46)#PRFACT) P113 700
EQ~UI VALEN'CE PH3 710

1(Z( 47)ri± )'(Z( '+8)tI2 )p (Z( 49)PIPCYCL)P(Z( 50)PTSTOP )p P113 720
Z(Z( 51)#R11OFILht(Z( ý)2)#TARGV )t (Z( 53),N3 )P(Z( 54)oIVARDY)p PH13 730
3(Z( bb)tVT )t(z( bb)tN46 )p (Z( 57)PRTM )PdZ( 58)PRTMV )# P113 740
4(~Z( 59)tUN59 )?(Z( bO)tN1O )r (Z( 61)rNll )P(Z( 62hoGAMMiA )t P113 750
b(L( b3)PTOP~iA )'(Z( o4)tbOTMU )# (Z( 65)PSN )eCZ( 66)PTOPMV )o, P113 760
o(Z( 67IuPRY;30T)P(Z( bd)PPRYTOP)p (Z( 69)PPRXRT )P(Z( 70)PCYCPH3)t P113 770
7(Z( 71)tREZFCT)t(Z( 72)PTARGI )# (Z( 73)r,FROJU )i'(Z( 74)PBBOUND)p P113 780
b(Z( 75hPLVAP )#%Z( '16)PECK )# (Z( 77),IJECYCL)r(Z( 78)rII )v P1-3 790
9(Z( 79)tJJ )#,(Z( bQ)0,NMP )o, (Z( 81)PY2 )t(Z( 82)tEZPH1 )P113 800

LOUIVA~LLNCE Pri3 810
1(Z( bsJ)vjVARUjX)t(Z( 84)PT )p (Z( 85)tNMPI4AX)t(Z( 86)tPMIN )p P113 820
2(Z( 67)tiNTER )P(Z( 68)#TAYBOT)t (Z( 89)PTAYTOP)#(Z( 90)PIEMAP )p Pt-3 830
3(Z( 9i)?vlC )P(Z( 92)PMR )p (Z( 93)0,MZ )#(Z( 94)PMB )Pti3 840

EQUI VALENCE PH3 850
1(Z( 9b)#R:zZ )i(Z( 96)tNODUMP)r (Z( 97)tUN97 )#(Z( 98)PUN98 )p PH-3 860
a(z( 99h#UN99 )t(Z(100)PEVAPM )o (Z10)PEVAPEN)P(Z(102)tEVAPMU)p P113 870
3(Z(103)#EVAPMV)t(Z'U4)#EZPH2 )f (Z(105)rSNL )P(Z(106)PSTL )f P113 880
4(Z(197)&IAXRT )#(Z(1Ud)tIDNMAPht (Z(1.09)PIPRylAPhP(Z(110)rR0EPS )# P13 890
b(Z(12.1)vR1I.NI )t(Z(112)tV'NI )p (Z(113)#FINAL )#(Z(114)tIVMAP )o P113 900
b(L(11lbhRltOZ ) (Z(1L6)PESA )p (Z(117hiESEZ )P(Z(118h)ES8 )f P113 910
7(Z(119)vESCAPA)#(Z(le0)PESESP )p (Z(121)PESESQ )P(Z(122)PESES )f P13 920
to(Z(143)vLSALPH)e(Z(124),ESl3ETA), (Z(125)#ESCAPB)t(Z(126)FIUMAP )p PH-3 930
9(Z(127hPSSI )P(Z(12-8)#SS2 )P (Z(129)#UMIN )P(Z(130).PSSLI4 P113 940

L.OUI VALENCE P113 950
1,(Z(13)PTM)(l3)LR ) Z13uO )t(Z(134)PEOB )uP13 960
2Q(i(35hLtMOR )#(Z(136)#DXF )p (Z(137)eDYF )v(Z(138)rRHOtAIN), P113 970
3(L(1.i9)PSTA8)r (Z(140)tXIEN'RG)o (Z(141)#XKENRG), (Z(142)*XTENRG)tPH3 980
L4(Z(1L43)tSTT )'(Z(144)PDTMIN )p (Z(145)tTRNSFC)t(Z(146)PEMOT )~PH-3 990
5(Z(147)#JPROJ ).'iZ(148)PCNAUT )p (Z(149)tBBAR )P(Z(150)#EMOB )P1131000

'C PH31010
C *ee~e~oe~~e.~~...................P112
C PH131030
C END OF f')MMON P1131040
c PH131050
C ...... eg.*.'. o. e..e* .. * e.goeCe*eg... . Pt16

DX(0)=DX(1)PH31070
DY(G)=-DY(l) PH131080

C PH131090
C **TURN ON R-P TREATMENT WHEN ACTIVE-GRID REACHES JSTR PH131100

IF (12*LT#JSTR) GO TU. 400 P1131110
C **TURN OFF JS'1 R PH131120

JSTR=0 P1131130
Pvi=UoP131140

C * USE P-STORAGE FOR UvVeSIE BEING CALC. PH134150
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DO 10 K=2tKMAX PH31160
10 P(K)=O, PH31170
C *** CALCULATE SUBCYCLE DT PH31180

ICP3 = INT(CYCPHo) PH31190
C *** CALCULATE FACTOR FOR VARIABLE DT PH31200

N=ICP3*(ICP3+1) PH31210
UTFACT=2°/FLOAT(N) PH31220

C *** LOOP THRU SUBCYCLES PH31230
DO 360 NN=lICP3 PH31240

C ** DECREASING DT PH31250

WS=ICP3-NN+l PH31260
DTSTR=WS*DTFACT*DT PH31270

C Ph31280
C *44 INITIALIZE UKVK FOR ROWlt2 AND BORDER BELOW Ph61290
C *44 NOTE THAT THESE ARE STORED WITH AN EX7RA CELL TO PH31300
C RIGHT AND LEFT OF MESH. SO K = 2 IS AXIS CELL. PH3131G
C PH31320

VFACT=-l, PH31330

C *4* IF REFLECTIVEPUT NEG. V IN BORDER CELLS PH31340
IF (CVISLT,O,) VFACT=1. PH31350

C *4* 8UT IF TRANS., USE V Ph31360
NKB=I PH31370
NK=2 PH31380
NKA=3 PH31390

C *4* SET LIMITS USED IN PH3 PH31400
N:11+1 PH31410
LL=I1-1 PH31420
nO 20 K=2,M PH31430
L=K+IMAX Ph31440
I=K-1 PH31450

C *** SET VALUES ADJOINING BOTTOM ROW PH31460
RHO(KNK)=AMX(K)/(TAU(I)*DY(l)) PH31470
RHO(KPNK6)=RHO(K#NK) PH31480
RHO(KNKA)=AMX(L)/(TAU(I)*DY(2)) PH31490
UK(KNK)=U(K) PH31500
UK(KtNKB)=U(K) PH31510
UK(KtNKA)=U(L) PH31520
VK(KrNK)=V(K) PH31530
VK(KNKb)=V(K)*VFACT PH31540

20 VKi(,NKA)=V(L) PH31550
C *** BORDER CELL. TO LEFT PH31560

DO 30 N=l,3 PH31570
RHO(1,N)=RHO(2,N) PH31580
UK((1N)=UK(2tN) PH31590

30 VK(1#N)=VK(2,N) PH31600
C *4* SNB Ai4D STB HAVE BEEN SET TO 0o BY SETTING ALL PH31610
C P STORAGE TO 0. PH31620
C * SET NORMAL STRESSES ON BOTTOM IF REFLECTIVE PH31630

IF (CVIS.LT.O,) GO TO 100 PH31b40
IF (IMAXGT.1) GO TO 40 PH31650

C *.*IMAX1l PH31660
WSA=1o-AIX(2)/STEZ PH31670
IF (WSA.LT.O) WSA=O. PH31680
WSb=AMX(2)/(TAU(1)*OY(1)*RHOZ)-1, PH31690
STRENG=(CZERO+WSa*(STK1+WSB*STK2))*WSA PH31700
IF (STRENG.LT.0.) STRENG=O. PH31710
SNB(2)=STRENG*SQRT(2)*ABS(V(2))/V(2) PH31720
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Go **0PU0 lw) Rj BOUNDARY OF jP ARRAY T

00bO IlrIA H17

5u CONTIiNUEP310

6U D 9'.) K=apIviS PH31820
v.SA=.5*OX(K)+DX (N-J+.b:*DX(K-2) PH131830
UUUUX=(l(K+1)-U(K-1))/WSA PH131840
LVODX=(V(K+1)-V(r(-1) )/WSA P1131850
DVoi)Y=2*V(K)/DY(l) PH31860
UOX=2-*UtK)/(X(K-KL)+X(K-2)) PH31870
W S ADUOUX+ DV OD Y+UOX PH31880

TH3 CA3 P13 1890
,.'S=L)UOOX**2+UVODY**2+UOX**2+.5*(DVODX**2)-TH03*WSA PH31900
IF (WS9LE,0.) GO TO 70 PH131910
WSA1 .-AIX (K) /STr-:Z PH131920
IF (WSAoLTe0.) WSA0 0o PH131930
WSB=AivX(K)/(TAU(K-1)*DY(1)*RHOZ)-l. PH-31940
STRENG: (CZERO+WSd* (STK1I-WSB*STK2) )*WSA PH31950
IF (STREPNG*LT.Ut) STRENG=O. PH131960
is=STRENG*SQRT (29 /WS) Pi-1970
GO TO 80 P1131980

7U 6=0 PH-31990
80 SNB(K)=B*(DVODY-TH03) PH132000
90 CONTINUE PH132010
100 L=12-1 PH32020
C *** DO R04JS PH132030

00 370 J1lpL PH132040
K=(J-1) *IMAX+2 PH132050

C **STRESS AT AXIS 0.o PH132060
SNL=0. PH132070
STL=O. PH-32080

C **LOOP ON CELLS ACROSS ROW P1132090
DO 330 IZIPLL P1132100
I K=1+1 P(132 110

C *** IF NOT SOLID# SKIP STRESS CALCULATION PH32120
IF (RH-O(IKPNK)*LT.SOLID) GO TO 170 PH132130

C **IF ABOVE .JPM'%I)+l WE ARE DONE WITH THIS ROW UNLESS ALSOPH-32140
C BELOW JPM(I-1) PH132150

JFLAG=O PH132160
IF (J.LEoJPM(I)+1) GO TO 110 PH132170
IF (I0EQ.1) G0 TO 34%') PH132180
IF (J*GT.JPM1(I-1)) GO TO 340 PH132190
~JFLAG1l PH3220 0

C *** CALCULATE STRENGTH PH-3221 0
110 WSAi1.-AIX(K)/STE.Z PH132220

IF (WSA*LT*O.) GO TO 170 PH132230
WSB=R1O (.1K'NK) /RriOZ-19 PH32240
STRENG=(CZERO+WSc,*(STK1+WSB*STK2) )*WSA PH32250
IF (STRENG.LT.0e) GO TO 170 PH132260

C PH132270
C ... 0*0*0000@009000099*099 00 9000000P128

C **HOOP STRESS*** PH132290
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H-ooP=00 PH132310
- -IF (J*EQ*JPM(I)+lCR.JFLAG.EQ.1) GO TO 170 P1132320

cSKIP HIOOP AND RT CALC IF 1-D PH132330
- IF (IMAX.EQ.1) GO TO 140 P1132340

C** DIFFERENCES ARE CENTERED AT CELL-CENTER PH32350
UOX=UK(IKeNK)/(X(I)+X'(I-1))*2. PH132360

r 7W51.o/(.5*oX(I+1)+DX(I)+.s*DX(I-1)) PH32370
DUOUX=(UK(IK+1,NK)-UKUIK-1,NK))*WS PH132380
DVODX=(VK(IK1-1,NK)-V(K1N)) PH-3237 "
W51.o/(.5*DY(1 J+l)+DY(J)+.5*DY(J-1)) PH132400
LhUODY=(UK(IKNKA)-UK(IKNKa))*WS PH132410
DVODY=(VK(IKNKA)-VK(IKNKB) )*WS PH132420
ASSIGN 1Z0 TO LOCA PH132430
GO TO 240 PH132440

C** CALCULATED TH03PB PH132450
120 11OOP~t3*(UOX-THO3) PH132460
C
C ... * END OF HOOP CALC* PH132480

C * IF THE CELL ON RIGHT IS NOT SOLID, STRESSES ARE ZERO PH132500
IF (R110(IK+lNK).LT.SOLI'D.ORIK.EQ.LL) GO TO 140 PH132510

C *** DIFFERENCES ARE CENTERED AT RIGHT EDGE OF CELL P1132520
WS=2./(DX'%I)+DX(1+1)) PH132530
DUOUX=(UK(IK+lNK)-UK(IKNK))*WS PH132540
UVODX=(VK(IK+lNK)-VK(IKNK))*WS PH132550
tS=1./(DY(J+1)+2.*DY(J)+DY(J-l)) PH132560
DUOoY=(UK(IKNKA)+UK(IK+lNKA)-UK(IKNKB)-UK(IK+lNKB) )*WS PH132570
0VODY='VK(IKPNKA)+VK(IK+1#NKA)-VK(IKNKB)-VKCIK+lNKB))*WS PH132580
UOXZ(LK(IK+lNK)+UK(IKeNK) )/XCI)*.5 PH132590

C PH132600
ASSIGN 130 TO LOCA P1132610

C **CALC. 1TH03 AND B PH132620
GO TO 240 PH132630

130 SNRzt3*(OUOOX-T1103) PH132640
STR=B* (DUODY+DVODX) *95 PH132650
GO TO 150 PH32660

1'+f, SNR=O. PH32670
STR=09 PH132680

C** IF TH-E CELL ABOVE IS NOT SOLIDr STRESSES ABOVE AREPH32690
150 R1OIu'K)L.LI.R.iE. GO TOO 180j P1132700
C PH-32710
C** DIFFER~ENCES ARE CENTERED AT TOP EDGE OF CELL P1132720

WS=29/(DY(J+1)+DY(J)) P1132730
DUODY=(UK(IKPNKA)-UK(IKPNK))*WS PH132740
DVODY=(VK((IKPNKA)-VK(IK#NK))*'JS Ph-32750
WS1.o/(UX(I+1)+2.*DX(I)+DX(I-1)) PH132760
UUOUX=(UK(IK+lNK)+UK(IK+1,NKA)-UK(IK'-lPNK)-UK(IK-1,NKA) )*WS PH132770
DVODX=(VK(IK+1,NK)+VK(IK4-1,NKA)-VK(IK-1uNK)-VK(IK-lNKA))*WS PH32780
UOX=(UK(IKNKA)+UK(IKNK))/(XCI)+X(I-1)) - 2790
ASSIGN 160 TO LOCA r-1328 00

6O TO 24U PH132810
160 SNT=B*(DVODY-T1103) PH132820

STT=B* (DUODY+DVODX) *05 P1132830
GO TO 190 PH132840

170 SNRO.9 PH132850
STR0o. PH132860
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160 SNOu PH132870
STTu.j PH132880
IF (AM'X(%K)vGT.U-) GO TO 190 PH132890
.0 TO 260 PH-32900

19C F IlNTtu.NE.9';) GO TO 200 PH-32910
IRITE (6r410) I'J, IKN4KBNKNKAtHOOPSNLSTL,-SNRSTRSTRENGSNBCIKPR.32920

1) vSTB(IK) ,SNTPSTT PH-32930
C *** ALL !STRESSES ON CELL K HAVE BEEN CALCULATED. NOW TPH-32940
C NE-i VALUES OF UfVP AND S.I.E, CAN BE DETERMINED. P1132950
200Q SNLX=SNL*X(I-1) P1132960

aiS=TVWPI*DTSTR/AAX (I) PH132970
IF (IivAX.EQol) G'J TO 210 P1132980
0E:-LUwvS*(DY(J)*(sNR*X(I)-SNLX)+TAU(I)/TWOPI*(STT-STB(IK) )1-OOP*DX(P1132990
11)*DY(J)) PH133000

alo STLX:STL*X (I-1) PH133010j DELV=WS*((SNT-SNu(fK))*TAU(I)/TWOPI+DY(J)*(STR*X(I)-STLX)) PH133020

c PH133030'1 c * NOW CALC. CHANGE OF ENERGY PH133040
C* UKT AN'D VA(T ARE TEMPORARY STORAGE PH133050

UKTZK~l~NK)PH133060
VKT=VK((IKPNK() PH133070
WS=TAU(1)*o5*(((JKT+UK(IKNKA))*STT-I(VKT+VK(IKNKA))*SNTi.-((UKT+UKP1133080
1(Ii(,NKB))*STB(lK)+(V1KT+VK(IKNKB))*S~i4(IK))) PH133090
WSA=PIDY*DY(J)*(X(I)*((UK(IK+lNK)+UKT)*SNR+(VK(IK+lNK)+VKT)*STR)PH33100

201-{X(I-1)*((UKT+U,((IK-1,NK))*SNL+(VKT+VK(IKw1,NK))*STL))) PH133110

IF (INTEReNE*99) GO TO 220 PH133150
'if-RITE (6p420) IJtIKtDELUPDELVPDELIPH36

20 U(K)=U(K)+OELU PH133170
V(K)=V(K)+DELV PH133180
AIX(K)=AIX(K)+DELI PH133190

biBOuiqDzBdOUND+DEL I*AMX (K) PH133200
C *** CELL K IS DONE. MOVE TOP TO BOTTC'M AND RIGHT To LEFT P1133210
230 SNB(IK)=SNT PH133220

5Th ( K)=STT PH133230
SNL=SfR PH133240
STL=STR PH133250
GO TO 280 PH133260

C--------------------------------------- - - - -- - - - - - - P-i P33270
C** CALCUL.ATE TH06 AND B PH133280
C PH133290
240 WSA=DUODX+DVODY-'UOX P1133300

TH06=WSA/3* PH133310
wSi)UODX**2+DVODY**2+UOX**2+.5* (DUOOY+DVODX) *gc-TH03*WSA PH133320
IF (wS.LE*0.) GO TO 250 PH133330
b=STRENG*SQRT (2e/WS) P1133340
GO TO 260 PH133350

25o 6=0o PH133360
260 iF (INTER*NE.99) GO TO 270 PH133370

W6RITE (6t430) DUODXpDVODYeUOXT1103,DUODYtDVODXuWSeBtLOCA PH133380
c PH133390
270 GO TO L0CAP (130u160t120) P1133400
C PH133410
C a - - - - - - - - - - - - - - -- --- a- PH133420
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rmn nO7 Two.A ANrD B CALCULATION PH343
C - -- - -- --- --- --- ------- -- - -- - -- -- rn *

C ~PH33450
280 IF (INTER.NE999) GO TO 330 PH133460
*- E=0. PH334+70

00 290 LJD=2tKMAX PH33480
SE=E+AMX(LJD)*(.5*(U(LJD)**~2+V(LJO)**2)+AIX(LJD)) PH133490
290 CONTINUE PH133500

WRITE (b#440) It~rE PH33510
Do 300 LJD=2#IK PH133520
UBAR=,5*(UK(LJDNK)+UK(LJD.NKA)) PH133530
VBAR=.5*(VK(LJDP~NK)+VK(LJDtNKA)) PH133540

3U0 E=E-TAU(LJ0-1)* (LBAiR*STB(LJD)+VaAR*SNB(LJD) )*OTSTR PH133550
IKK=IK+l PH133560
D0 310 LJD=IKKtIl PH133570
1F (J*GT.V'PM(LJD-2)) GO TO 320 PH133580
U8AR=.5*(UK(L.JDN4K)+UK(LJDNKB)) PH133590
VBAR=.5*(VK(LJD.NqK)+VK(LJDNKB)) PH133600

310 E=E-TAU(LJD-I.)*(UBAR*STB(LJD)+VBAR*SNB(LJD) )*DTSTR PH133610
U-0 UBAR=.5*(UK(IK+lPNK)+UK(IK#NK)) PH133620

VBAR=95*(VK(IK+1,NK)+VK(IKtNK)) PH133630
E=E-TWOPI*DY (J) *X( I) s(UBAR*SNL+VBAR*STL) *DTSTR PH133640

£ WRiTE (6r440) IrJ#E PH133650
PW=PW+DELI*AMX (K) PH133660
WRITE (6#450) PW PH133670

330 K=K+l PH3 12336 80
C END OF LOOP ON I PH133690
C **MOVE NK-POINTERS AND STORE A NEW ROW OF VELOCITIES PH133700
.40 IF (J.E'Q.L) GO TO 370 PH133710

NKA=NKA+ 1 Ph33720
NK=NK*1 PH133730

NKB=NKB+l PH133740
IF (NKAtGTo3) NKA~l PH133750
IF (NK.GTo3) NK1l PH133760
IF (NKBoGT.3) NKB=l PH133770
K=(J+1) *IMAX+2 PH133780
00 350 1:1,11 PH133790
IK1I+l PH133800
UK(IKPNKA)=U(K) PH133810
VKClKtNKA)=V(K) PH133820
R11O(IKtNKA)=AMX(K)/(TAU(I)*DY(4+1)). PH133830

350 KZK+l PH133840
C *sE'ND LOOP PH133850

IF (IMAX.NE.1) GO TO 360 PH133860
UK(3tNKA)=UK(2tN'(A) PH133870
VK(3#NKA)=VK(2tNKA) PH133880

RHO(3tNKA)=RHO(2tNKA) P1133890f P1133900
30 UK(ltNKA)=UK(2tNKA) PH133910

VK(ltNKA)=VK(2tNr(A) PH133920
R110(lNKA)ZR11(2#NKA) PH133930

c* END OF J-LOOP PH133950
.370 CONTINUEPH35
C * END OF RIGID-PLASTIC C"ALCULATION FOR ONE DTSTR PH133960
360 CONTINUE P1133970

0 D 390 K=2#KMAX PH133980<4 390 P11=U P33990
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0) RCT URN .,534000
c PH34010

L41u (/6:5ý/7H H-OOP= 1,0712.6 27H S',L =,1PEI2.67 T P1.H42
lo?7H SNR =:1PE12.6#7H STR =,1PE12.6O,/7-/HSrRaNG=1plE12.6,7H SNB =PH3LfO3O
2tIP-E12.oo7H ST8 ,1IPE12.26,7H Si"T =?1PE12.6,!H STT =P1PE12*6/) Ph134040

4iO FRV,-.AT (/3!t/7r1 DLLU=,lPE12#6p7H DE7LV~pIPE12o6p7H DE-LIJ.PE12*PH34O=.0
PH340O60

L43Q (-. OXP12o7 vJ=: :.7Huox =P1?E12*6#7H1 TPH340O70
r.~ ~,P~2o,/ii UUDY=,,1PE12*6,7.-i DV0DX=#1PE12,6p7H wS =tlPE12PH3408O

6 =?IPEI2*6p17) PH34090

4t)O~ A (.yX,2riI 2,4X,2HJ2,X2d); PH3~4110

PH3Lf12O-
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01'41NSO Asvi(25U)tAZ(1502)tU2^2 V20)P(52 PH2 80

I XP(b2bl1 #YP(2o51.*AU5) JM( PH2 90
6 P(LU20) PUL(204) ~PRLF(20Lf)t AC12.SG(0 PH2 100

7 R5SN(52_)t RST(52)t P-12 110
6 CMXP(5) #CMYP(5) PiJ(5) IJK(5) p PH2 120

9DX(52) ,L)DX(54) PDYt!02) vDDY(10L4) pPH2 130
5SNb(52) PSTB3(52) PUK(52t3) PVK(52p3) tRHO(52;3) pt-ia 140

C; *' DIMENSIONED ARRAYS PH-2 150
C Co, *4'* Z-BL0CK IS SAVED ON TAPE* PH2 160

4.1 0N zPHi2 170
CO0"., 'l.O N PK PH-2 180

Co."l"ON Yf xxPH2 190
C COM0ON DDX# DDY PH2 200
COMMON AMXt AITX, Up Vp P PH-2 210
Z:OMMION TAUW PM PH2 220
COMMION UL P PL PH2 230
COMMON XP t Ypf CmXPD CM~lyp PH-2 240

C * NON-DIM-ENSIONED VARIABLES PH2 250
COM11MON AID t,A:MV PAM.'Y tAMPY #AMUR PAMUT ,AMVR t PH-2 26J

1AMVT rDELE6 rDELEc-R ,DELET PDELNI ,DTODX rD;XY,%INpEAMMP tEAM'Y t PH-2 270
2E ERDUMPPI F13 fIWdS fd ,K PKA #KB F PH2 280
3L ," ME #MZT PNERR iNK PNPRINTP Pil2 290

4NR PNRZ PNU'LE PPIDTS tSiEMINSNR PSNT PSTR PSOLID p P1-t2 300
5SUM #ET~TJI#R vs PIA FS Wc PFA~ H 1

F6WFLAGL*WFLAGP H32
C PH2 330

C *~* THE FOLLOWING EQUIVALENCES MAKE AVAILABLEP230
C X(O)p Y(Q)p DX(0)t DY(o) PH2 350
C PH2 360

EQUIVALE1NCE (XX(2)p X(18.* (YY(2)t Y(l)) PH-2 370
EQUIVALENCE (DOX(a)t DX(1))p (DCY(2)p DY(1)) PH-2 380

C PH2 390
C * SPECIAL EQUI VArLENCES FOR PH2 ONLY PH-2 400
C PH-2 410

EQUIVALENCE (ULPFLEFT)t (UL(103),YAMC)p P1-2 420
(PLpGAI4CrPR)p (PL(103)#SIGC) PH-2 430

C PH-2 440
C ~*SPECIAL EQUIVALENCE'S FOR PH3 ONLY PH2 450
C PH-i 460

EQUIVALENCE (ULPRSN')p PH2 470
1 (PLPRST)p (PPUK)p PH-2 480
2 (P(157)tVK)t (P(313)YSNB)p PH-2 493
3 (P(3b5)PSTB)o (P(417)rRHO) P112 500

C PH-2 510
C ~ -*SPECIAL E(JUI VALENCES FOR EDIT P1-i 520
C PH-2 530

EQUIVALENCE (PR(I)t IJ)p (PR(6)t JK) PH2 540
C PH-2 550

C **Z-STORAGE EQUIVALENCES PH2 560
C PH-2 570

EQUIVALENCE (Z( 1)pPROB )r(Z( 2)tCYCLE )t P1-2 580



1(Z(. 3) r T) (Z( 4) 1NU,"'SP )P(Z( 5L.NFRE'LP) 'Z( e,hN:'JMP7) P2,9

3(( 1) tCTIS ? (Z( 12)iSK \1U)4RE7 1t (Z( 23),STEZ )'(Z( 14OhNC4 )v PH2 650

5(Z( ~1) UNZ52 )P(Z( ~2)tI~NRC ) P MZ 21),riAXMD )r(Z( 34)#IMAXA )# PH-2 660
oCZ(' 26)UMAX1 )P(Z( 36),JDAXA )r (Z( 37)PKMAX )t(Z( 38)PDKMAA )t P112 670
7(-7( ?L-7'JCVE PZ'2)SK rM2)SE PZ 7OPC ) P112 680

6 ( ( 69) P UN31 )?(Z( Li.0),8PT:.N V MZ 33);',NMAsp) o-(Zr-( 342)rCZEX )t P112 690
2(z'( Li.2)?UMSAX)#(Z( 3L))tMAL,.), (Z( 37)#PRDELT)t(Z( 46)PPRFACT) Pi2 6700
EQ-U IVAL&4CE P112 610
1(4( 39) r601 v )#(Z( 40~) rOTl )p (2'( 41) NIPCc),(IM 50),uTSTOP )t Pb*12 690
2(Z( 43)oNUMSCFA)?((5)'AtV(Z( Z(5)N ~Z 4pVRYtPi1 3

-(45)VT )((5),PRN8M )p (Z( 45)PRTELT)*(Z( 8)?PRTMV )~ P112 740
LECZ( bLhUNC9)E(b)NO ) Z 1)N1 )((6)GtWA) PH2 750

!(Z( 47)k.PRýi TI(Z( 6)PYO)o (Z( 6'9)ýrPRXRT )#(Z( 70)#TSYCPH) P12 770
2(Z( 51)ujE LC.Z ( 52) tAR':GI ) v (Z( 73),PNcX )#(Z( 74)PBBONDY)p P112 780
3M 7S)2tVAP )P(ZC 56) ?N6 )p (Z( 577tR) i,NECYC (Z( 58) tIIM )# Pii2 790
4(Z( b9) ?UJ5 )?(Z( bo) ?N:MP )v (Z( 61)ýNY2 )P(Z( 682 )EZPHA144A ) P12 8500

b1Z( 63) : TOPRDX),(Z( 6~4) tBTO )p (Z( 65) # mP A)t(7( 66) t PMIN )D P12 820

6(Z( b75)PNEVA )'(Z( 7,&),TA- o)p MZ 9),tNEYCop),-(Z( 78),IL11 )t P112 830
9k(Z( 79)sjC )V(7( 92l)? Nl )v (Z( 63)PMZ )P(Z-( 9Lf).aZB P112 8400

--QU 1 V ALENCE P112 850
(AZ( 8:5) p~E TVRD) (Z( o4),NUiP,((9)U9 ~Z v8U9 )i P1 6

S)v (Z( 85) :SNLPA' v(Z (106)PSTL )t P`12 880
2~(Z( b7)17TXRT )P(Z(,&)iPTMAYBP)p (Z(109)FTPRITAP)F(Z( 10,ROPS )iA P112890,
3 (Z ( 91) R;-.IN )P(7Z(9 2)M,VN )f (Z( 93,) P MAL )?(Z( 94),V.AB ) P12 9400

!(Z( 9 5 )?KHOZ )r(Z( 96)vESA 1,). (Z( 97)PESE )?(Z(1183)#ESB ) P112 910
2(Z( 99),ESCAPA)t(Z(120)rESESPl4 )t (Z'121),ES'AESQ),(Z(122),E-"APS )v P129270
8(Z7(2.23),ESAL'PHV)t(Z(12C4)9ESBETA)p (Z(12-5)ESCNpB)#(Z(126)PIUMA )# P129380
9(Z(127)PTSS2. )l(Z(108)tISS2 ), (ZC109)PUMIN )#(Z(-130hSES4 )p P12 8940

5(Z(11'),PRHTjI E)(Z(132)?VE0R )p (Z'113),tF!A )P(Z(114)#IEO8A )t P12 9600
2(%Z(1.lb);RHOZ )ý(Z(116':DXF ), Z(137)2tDYF )P(Z(118),RHOMI)v P12 970
3(Z(t139),ESCAA~)(Z(1'+0 XI7ENRG) (Z(21'rFS~ESRG), (Z(122)#XENRGS)o, P12 980
8(Z(123)#ESTTH~((14 P E T)v (Z(125),RES~CA)v(Z(1&6)vI,E1io )t P112 990
9(Z(127)JPROJI )?(Z(148)PCNAU )j (Z(1209)#,BSAR )?(Z2(150)rS,EMB P1121900

C UIVALE SPECILEUVLNEFRP P1121902

C (17ýPO END14)CNU O# C0M4)BBR tZ(50ti'O PH121000
c. PH121050

C PH121070

SU~vEc=0 PH121090
CRETgACER POI.NTS BEINIG GENE,""RATED PH121095
IF U2G.-.)GO TO 260 PH121100

c ~~ YES, CALCULATE NEW POSITION'S OF POINTS IN4 ACTIVE GRID. PH121105
00 250 J=2.Djj PH121110



0O 0 i)1,41 PH21120
IF (XP(,J).LE0.O.) GO TO 25u PH21130
IX=XP(IJ) PH21140
lY=YP(I,J) PH21150
iF (IX.GT.I1) GO TO 250 PH21160
IF (IY.GT.*2) GO TO 250 PH21170
K=IY*IMAX+IX+2 PH21180

" C * SKIP CALCULATION IF POINT TS IN EMPTY CELL PH21190
C (AHEAJ OF THE M.;ASS IT REPRESENTS). PH21195

.F (AMX().E•.0.) GO TO 250 Ph21200
C *. Ft<X AND FRY GIVE LOCATION OF TRACER POINT IN Ph21202
C CELL(.IX+1,IY+I). PH21204

FRX=XP(lJ)-AINT(XP(l,J)) PH21210
FRY:YP(lJ)-AiwT(YP(IJ)) Ph21220

C PH212 3 0
S.=!S FLAGS TRACER POINTS IN CELLS ON RIGHT OR ,:i21230

C LEFT BOUNDARY OF GRID. Pr121232
C I*.S2 FLAGS TRACER POINTS IN CELLS ON TOP OR PH21234
C BOTTOM BOUNDARY OF GRID. PH21236

lvjS=O FLAGS TRACER POINTS IN CELLS WHICH ARE NOT PH21240
C ON A GRID BOUNDARY. PH21245

I .. PH21250
C p SEE IF TRACER POINT IS IN A BOUNDARY CELL. PH21255

k:- ýLT.1) GO To 130 Ph21260
Z( TA. G - ..*,,%2) GO TO 110 Pri2127 0

IF (IY.LT.I) GO TO 160 Ph21280
iF u'r.b..J:AX-2 GO TO 140 PH21290

C *- NOT IN BOUNDARY CELL. IS POINT ON LEFT SIDE OF CELL PH21295
"u IF (FRX.LT,.b) GO TO 40 Ph21300

-%. s4 POINT IS ON RIGHT SIDE OF CELL. IS CELL ON RIGHT EMPTY PH21305
Z% IF (AMX(*K+1).E-O.O) GO TO 30 PH21310

SRADIAL COMPONENT BASED ON AVERAGE OF RADIAL VELOCITIES Pt121312
c OF CELL K AND CELL ON RIGHT OR LEFT. Ph2t514

UEFF=CFRX-.5)*U(K+1)+(1.5-FRX)*U(K) Ph21320
GO .TO 5U Ph21330

C * CELL ON RIGHT OR LEFT EMPTY-USE RADIAL COMPONENT Ph21342
C OF CELL K. PH21344
3u JEFF{U(K) Pm21340

GO TO 5U PH21350
""*• POINT IS ON LEFT SIDE OF CELL. IS CELL ON LEFT EMPTY PH21355

IU IF (AxX(&-1).EQ.U.) GO TO 30 PH21360
C •** RADIAL COMPONENT BASED ON AVERAGE OF TWO CELLS. PH21365

OEFF= .b-FRX) *U(K-1)+(.5+FRX)*U(K) Ph21370
C *• •...i IWS = 2 AXIAL COMPONENT OF CELL HAS ALREADY BEEN PH21372
C CALCULATEO. PH21374
5u iF (Iv.S.3T.1) GO TO 100 PH21380
cC * IS POiNT IN BOTTOM HALF OF CELL PH21385
* u IF (FRY LT..5) GO TO IU PH21390
C •* POINT IS IN TOP HALF. IS CELL ABOVE EMPTY PH21395
7U KA=K+I4-AX PH21400

I.• (A,4x(.A)oI.O.) GO TO 80 PH21410
C 44- AXIAL COMPONENT BASED ON AVERAGE OF AXIAL VELOCITIES PH21412
C OF CELL K AND CELL ABOVE OR BELOW. PH21:14

VEFF=(FRY-.5).V(AA)+(1.5-FRY)*V(K) Ph21420
GO TO 100 PH21430

s.* CELL ABOVE OR BELOW IS EMPTY. USE AXIAL COMPONENT OF PH21432
c CELL N. PH21434
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S V -V(r) PH214 4 0
vo f'u luj PH21450
rv A= -I MAX PH21460
ZF (AMX(KA)oE.O0.) GO TO 80 PH21470
VEFF=(.b-=RY)*V(KA)+( .5+FRY)*V(K) PH21480

C :X+i iS I-INDEX AND IY+± IS J-INDEX OF CELL TRACER PH21482
POINT IS IN* COMPUTE NEW LOCATION OF TRACER POTNT. PH21484

l.u UTU)X=DT/LAX(IX+1) PH21490
.PIui):XP (1,.J)+UEFF*OTODX PPH21500

A TOJ.Y=DT/DY(IY+-) PH21510
YP(l•J)=YP(I ,J)+lEFF•DTO.OY PH21520

C **IJS.LT1, ',EANS TRACER POINIT WAS NOT IN BOUNDARY CELL PH21522
C BEFORE EIENG MOVED, A>%D ITS NEW POSITION NEED NOT PH21524
C dE C i1CKED - GO TO END OF LOOP. PH21526

. (I•.,So 0 '-o1) GO TO 250 PH21530
GO To 200 PH21540

C * POI;J iN CELL ON RIGHT BOUNDARY. PH21542
1u LF (FRXX.LT.aO) Gv TO 40 PH21550

I.S=1 PH21560
UZEFF-d( PH21570

I-* IS POINT IN CELL ON BOTTOM BOUNDARY PH21575
'?u -F (IYoLTe1) GO TO 170 PH21580

SIS POINT IN CELL ON TOP BOUNDARY PH21585
"- :YoGTojMAX-2) GO TO 190 PH21590
60 TO 60 PH21600

C *- POINT IN CELL ON AXIS. PH216U5
u.j 7F (FRXoGT..b) G., TO 20 PH21610

i::S1! PH21620
UEFF=2o*FRX*U(K) PH21630
GO TO 12U Ph21640

C * POINT IN CELL ON TOP BOUNDARY. PH21645
.4u IF (FRY*LT#,5) GO TO 10 PH21650

"" I S=2 Ph21660
V0 VEFF=V(K) PH21670

GO TO 1. PH21680
C 8' POINT IN CELL ON BOTTOM BOUNDARY. RADIAL COMPONENT PH21682
C HAS NOT BEEN COMPUTED. PH21684
l IF •FRYoGToo5) GO TO 10 PH21690

,WS=2 PH21700
IF (CVTSLT.O.) tiO TO 15J PH21710
VEFF=2°,FRYP-V(K) PH21720
GO TO 10 PH21730

C *' POINT IN CELL ON BOTTOM BOUNDARY. jIAL COMPONENT PH21732
C HAS BEN COMPUTED. PH21734
,7o IF (FRY.GT*,5) Go TO 70 OH21740

C •* COMPUTE AXIAL COMPONENT ON BASIS OF BOTTOM BOUNDARY PH21742
C CONDITION. PH21744

IF (CVISoL',o.) GO TO 180 PH21750
C RErLECTIVE. PH21755

vEFF:2.*FRY*V (K) Ph21760
u0 TO lOu PH21770

C *4* TRANSMITTIVE. PH21775
67j VEF:V(K ) PH21780

GO TO 1UO PH21790
C *,v' POINT IN CELL ON TOP SOUNDARY. P421795

TI (FRYoLT,,•) GO TO 90 PH2i800
GO TO 180 PH121810
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C * SPECIA~L TLSTS FOR TRACER POlNTS WHICH WERE IN P111
Q d~~UUNUAI<Y (-.LLL> bEFrEýUr b:EIN, MVVtu.o

C * IF POINT MO1,VEDU iELO:'J C-RIDP TES'r ON BOTTOM BOUNDARY PnZi1816
C CONUITIONP IF REFLECTIVE YiovE: POINT BACK INTO GPIDt PH121818
CIF TRANSMI'iTTIVE SET X-COORDINATE TO -1. Pm,21819[ 200 IF (YP(IIJ).LT*U.) GO TO 220 PH-21820

c* IF POINT CROSSED TOP BOUNDARY SET ITS X-COORDINATE PHi218 22

C TO -1. PH1218214
IF (INT(YPCIJ)).LT9JMiAX) GO TO 230 PH-21830

GO TU 250 PH121850
22 F(CVI5*LT.0.) GOTO 210 Ph2186O
C ** RrL.FLECTIVE9 PH121865

YP(I#J)=-YP(ItJ) PH21870
C **ADJUST X-COORDINATE IF ITS CALCULATED POSITION IS Pri218 72

C NEGATIVE. PH121874
2150 IF (XP(IPJ).LT*0.) GO TO 2140 PH121880
C **IF POJ.NT CROSSED RIGHT BOUNDARY SET ITS X-COORDINATE P11218b2
C TO -le P11218814

IF (I&NT(XP(IJ))#LT.IfAAX) GO TO 250 PH121890
GO TO 210 P1121900

24U XP(!.,J)=-XP(!t'Ji P1121910
C **END OF LOOP FOR TRACER POINT MOVEMENT. P11219i5
250 CONTINUE PH121920
C
C** SET TO ZERO ACTIVE GRID AN'D REZONE FLAGS* P1121925
260 NRT=0 PH121930

NRC=U PH2-i2940
REZ=0b0 PH2i950
PIDTS=10 o/(PIDY*DT) P1121960
TWOPDT=,./PIDTS PH121970

K=2 P1219180
C * CALC1)-.ATE FLUXES ON LEFT SIDE OF CELLS IN AXIS COLUMN. PH121985

DO 310 J=IPJN;;,x P112i990
IF (AMX(K;Q-LE.10*) GO TO 270 P1122000
IF (U(K).,.:T*0.) C70 TO 280 PH122010

2-70 FLEFT(J)-00O PH122020
GO TO 300 P11220370

200 vGAMC(J)=AMX(K)*U(K)*0T/DX(1) P112201410
IF ((GAMtC(Jit-AMiX(K) 1 .GE*0.) GO TO 290 PH122050
GAMC'J)=-AMX%'K) PH122060

290 FLEFT(J)=29*GAMC(J)*U(K)/SS2 P1122070
300 GAMC(J)=00  P1122080

YAMC (J) =G. P1122090
SIGC(J)=oo PH122100

310 K=K+1;4AX PH122110
C** DO LOOP !IN I-DIRECTION - MOVE UP COLUMNS -SPEC-IAL PH122112
C TREAT.A'ENT FOR FLUXES AT BOTTOM BOUNDARY OCCUR.S BEFORE P11223114
C J-LOOP BEGINS. PH122116

~Ov 1150 1=1-11 PH122120
J=1 PH-22130
K=TIL1 PH122140

3.:)L5 i(,,MX(r)) 1220' 330' 3?.0 PH-22150
-Žo :u (-V(K)*GTUMIN) GO TO 3140 P1122160

3.)0 Ar:-MV0..~.0 P122-170
Go To 390 PH122180

ý4+0 A:,.MY=AMX(K)*V(K)*DT/DYitJ) PH122190



IF (ANMY+AA¶X(K)) 350P360,360 Ph22200
ý):0 A.\'iLY=-AMvX (K) pws ý 9 n

I' 1 (CVIS) 370,380,380 PH22220
UO TTOA BOUNDARY IS TRANSMITTIVE, MATERIAL IS MOVING PH122230

C OUT, REMOVE Il'S ENERGY FROM ETH. PH22240

370 -A (K) PH22250
A.;:.V=BTMYVAM(K) PH22260
JZL-L;AIX,(K)+(U(K)•**+V(K)**2)i2.0 PH22270

•_•5:X•Y•ELEBPH22280
=..,•-•t0•-D•EBPH22290

b0T.'-l•OTM-AMtMY PH2253 0
DOTMV=BOTNlV-AMMV PH22520

dOTMU=BUTMU-AMMU PH22330
GO TO 4U,2 PH22340

C *** &OTTOA BOUNDARY IS REFLECTIVE, NET MOMENTUM CHANGE PH22350
C IN Z DIRECTION IS 2*MV/SS2. PH22360
3dO IF (V(K).GE.O.) GO TO 330 PH22370

...MV=-.*AMMY*V(K)/SS2 PH22380
390 AMMY=O.O PH22390

f..MU-O° PH22400
DELE16=0°0 PH22410

C ** BEGIN DO LOOP IN J(Z) DIRECTION. PH22420
1400 Do 1140 J=1,12 PH22430

14SLAVE=O PH22440
NSi..AVE= PH22450
IF (J.EQ,.JMAX) GO TO 420 Pil22460

C NOT AT TOP OF MESH PH22470
C L IS INDEX OF CELL ABOVE K PH22480

L=K+IMAX PH22490
C IS CELL K EMPTY PH22500

IF (AMX(K).GToO.) GO TO 540 PH22510
-cIF CELL ABOVE IS ALSO EMPTY THEN FLUX=O OR PH22520

C IF FLUX WOULD VE OUT OF EMPTY CELLs THEN FLUX=O. PH22530
IF (AMX(L).EQ.0..OR.V(L).GE.O.) GO TO 430 PH22540

C CELL ABOVE NOT EMPTY. MPSS MOVING IN DIRECTION OF PH22550
C CELL K WHICH IS EMPTY. PH22560
C IS CELL ABOVE COLD AND SOLID PH2257C

IF (AIX(L).GT.ESESQ.OR.AMX(L)/(TAU(I)*DY(J+1)).GE.RHOZ) GO TO 410 PH22580
C COLJi BUT NOT UP TO NORMAL DENSITY PH22590
C IS NEXT CELL ABOVE C OLD " H22600

IF ((J+1).EQ.JMAX) GO TO 410 PH22610
LA=L+ITMAX PH22620
IF (AIX(LA).LT.ESESQ.AND.AMX(LA)/(TAU(I)*DY(J+1)).GT.SOLID) 60 TO PH22630

1430 PH22640
C CELL ABOVE IS HOT. DO NOT HOLD BACK. PH22650
410 M=L PH22660

VEOVE=V(L) PH22670
W•i.F=DY(J+l) PH22680
GO TO 460 PH22690

C TOP OF MESH. IS MASS MOVING OUT. PH22700
440 IF (V(K).GT.0.) GO TO 440 PH22710
C SET FLUX TERMS TO ZERO. PH22720
460 AMPY=O. PH22730

GO TO 590 PH22740
C MASS MOVING OUT OF TOP BOUNDARY PH22750
440 VABOVE=V(K) PH22760
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SWDYF=DY(J) PH22770
u DFn M=K PH22780
C CALCULATE MASS FLUX AT TOP OF CELL PH22790
4o0 1F (ABS(VABOVE).LE.UMIN) GO TO 430 PH22800

UVMAX=TRNSFC*DY(J)/DT PH22810
IF (AMS(VABOVE).LT.UVMAX) GO TO 480 PHa2820
iF (VABOVEGT.O.) GO TO 470 PH22830
VABOVE=-UVMAX PH22840
GO TO 480 PH22850

470 VABOVE=UVIAX PH22860
40U AMPY=A%'.(M)*VABOVE*DT/WDYF PH22870(MSLAVENE,O) GO TO 500 PH228•0

490 EAMPY=,5*(U(M)**2÷V(M,**2)+AIX(M) PH22890
UAMPY=U(M) Ph22900
VA•i'Pv=vM) PH22910
GO TO 590 PH2a920

500 IF (VABOVEGTo,) GO TO 510 PH22930
M=L PH22940
GO TO 490 PH22950

510 M=K PH22960
GO TO 490 PH22970

520 WSA=.5*(V(K)+V(L)) PH22980
WSB=1-0+(V(L)-V(K))*DT/((DY(J+1)+DY(J))/2.0) PH22990
vv0YF=(DY(J)+DY(J+1))/2. PH23000
VABOVEZWSA/WSB PH23010

SIF (MSLAVE.NE.0) GO TO 460 PH23020
IF (VABOVE) 530#430#450 PH23030

- J 560 M=L PH23040
GO TO 460 PH23050

CELL K IS NOT EMPTY. HOW ABOUT CELL ABOVE K. PH23060
540 IF (AMX(L),GT.0O) GO TO 550 PH23070
C CELL ABOVE IS EMPTY. IS FLUX INTO IT* PH23080

o. IF (V(K)oLEcO,) Go TO 430 PH213090
C FLUX TOWARD EMPTY CELL PH23100

IF (JEQ.1) GO TO 440 PH23110
C SHOULD MASS BL HELD UP UNTIL CELL IS FULL PH23120

LB=K-IMAX PH23130
IF (AIX(LB),GT,ESESQORAIX(K),GT.ESESQ.ORAMX(LB)/(TAU(I)*DY(J-I)PH23140

1)oLT.SOLIDORAMX(K)/(TAU(I)*DY(J)),GT.SOLID) GO TO 440 PH23150
GO TO 430 PH23160

550 IF (V(K),GT0O..AND.V(L).LT.0.) GO TO 560 PH23170
IF ((J+1),EQ. 1 .JMAX) GO TO 580 PH23180
LA=L+IMAX PH23190
IF (AMX(LA).GT.0,.OR.V(K).GE.O..ORV(L•.GE.0.) GO TO 570 PH23200

- K AND L NOT EMPTY BUT CELL ABOVE L IS EMPTY PH23210
C TEST FOR SLAVING L TO K PH23220

IF (AMX(L)/(TAU(I)*DY(J+1)).GERHOZ.OR.AIX(K).GT.•SESQORAIX(L).GPH23230
'T0 ESESQ) GO TO 520 PH23240

C YESt SLAVE L TO K PH23250
MSLAVE=L PH23260
SM=K PH23270
GO TO 520 PH23280

C **S sREFLECTIVE$$ TREATMENT PH23290
560 VMK=V(K)*AMY'(K) PH23300

VML=V(L)*AMX(L) PHZ3310
WSA=VMK+VML PH23320
"AMPY=awA4DT/((DY(J)+DY(J+1))/2,0) PH23330



VAMPY=(VMK*V(K)+VML*V(L))/WSA PH23340
UAMPY=(VMK*U(K)+VML*U(L))/WSA PH23350
SAVEK=AIX(K)+.5*(U(K)**2+V(,)**2) PH23360
ý AMPY=(Vi4K*SAVEK+VML*(AIXCL!+.5*(U(L)**2÷V(L)**2)})/WSA PH23370
GO TO 590 PH23380

57U !F (J.EQ.l) GO To 520 PH23390
5dO Ld=K-IMAX PH23400

IF (AMX(Lb).NE.O0,ORV(L).LE.O..OR.V(K),LE.0O) GO TO 520 PH23410
C SHOULD K BE SLAVED TO L PH23420

IF (AMIXCK)/(TAUCI)*DY(J)).GE.RHOZ.OR.AIX(L)°GEESESQOR.AIXCK),GT.PH23430
* 1SEbO) GO TO 520 PH23440

C YES, SLAVE K TO Lo PH23450
.-SLAVE=K PH23460

GO TO 521 PH23480
C **. CHECK FOR ONE-D PH23490
b9O IF {ASS(AMPY).LT.ROEPS*AMX(K)oAND.ABS(AMPY).LTROEPS*AMX(K+IMAX)) PH23500

IA:.:PYz=O PH23510
IF (IMAX.EQ.1) GO TO 620 PH23520
IF (I.EQ.IMAX) GO TO 610 PH23530

C NOT AT RIGHT BOUNDARY PH23540
C IS CELL KEMPTY PH23550

IF (AMX(K)oGT.O°) GO TO 730 PH23560
C SET FLUX=O IF CELL ON RIGHT IS EMPTY PH23570
C OR IF VELOCITY IS AWAY FROM EMPTY CELL K PH23580

IF (AMX(K+1).EQO.OR.U(K+I).GE.O.) GO TO 620 PH23590
C CELL TO RIGHT IS NOT EMPTY* SHALL WE LET MASS MOVE PH23600
C INTO CELL K WHICH IS EMPTY. PH23610

IF (AIX(K+1),GTESESGoOR.AMX(K+I)/CTAU(I+1)*DY(J)),GT.RHOZ) GO TO PH23620
1600 PH23630

C COLO AND NOT UP TO NORMAL DENSITY PH23640
C IS NEXT CELL TO RIGHT COLD PH23650

IF ({I+I).EQ.IMAX) GO TO 600 PH23660
IF (AIXC&+2),LT.ESESQ.ANDAMX(K+2)/(TAU(I+2)*DY(J)).GTSOLID) 60 TPH23670

10 62U PH23680
C ***CELL ON RIGHT IS HOT* Do NOT HOLD BACK PH23690
6o0 M=K+t PH23700

URR=U{M) PH23710
N=I+l PH23720
60 TO 650 PH23730

C RIGHT EDGE OF MESH PH23740
olO IF (U(K)°GT,O.) GO TO 630 PH23750
C NO MASS COMES IN FROM OUTSIDE PH23760
C SET FLUX TERMS TO ZERO PHt23770
620 A9MP.=O PH23780

60 TO 790 PH23790
C MASS MOVING OUT OF RIGHT EDGE PH23800
630 URR=U(K) PH23810
640 N=I P1123820

A=K PH23830
C CALCULATE MASS FLUX AT RIGHT OF CELL PH23840
650 IF (AdS(URR),LE*UMIN) GO TO 620 PH23850

UVMAX=TRNSFC*DXCI)/DT PH23860
IF (ABS(URR).LT.UVMAX) GO TO 670 PH23870
IF (UReRGT.0) GO TO 660 PH23880
URR=-UVMAX PH23890
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GO To 6~70 PH123900
600 URR=UVMAX PH23910

-k~n AMM=AM~m)TAUiq)TWODT*(I)URRP1123920
C SET SPECIFIC ENEERSY + MOMENTUM Ph23965U

IF (NSLAVENE.0) GO TO 690 P1123940
bd0 EAMMP.*5*(U(M)**2+V(M)**2)+AIX(M) PH123950

UAMMP=U(M) PH123960
VAMMP=V(iM) PH123970
GO TO 790 PH-23980

69U 1F (URRoGT.0.) GO TO 700 PH23990
M=K+1 PH1240OU
GO To 680 PH124010

* 700 M=K PH-24020
*GO TO 680 PH-24030
71o wSA=,b*('J(K)+U(K+X)) PH124040

viS61.4-(U(K+1)-U(K))*DT/((DX(I+1)+DX(I))/2.0) PH124050
*URR=::.SA/WSB PH124060

IF ýNSLAVE*NE.Z)) GO TO 650 PH124070
APF (URR) 720e620i640 PH124080

72 ýiK+1 PH124090
iI-~. PH24100

GO i'c 65L0 PH124110
CCELL K IS NOT EMPTY PH124120

7,0 IF (AMX(K+1).GT*U.) GO TO 750 PH124130
C CELL ON RIGHT Oý K IS EMPTY PH124140

IF (U(K)*LE.09) ýio To 620 PH124150
C SHOULD MASS GO INTO EMPTY CELL P1124160

IF (IcEQal) GO TO 7140 PH124170
*IF (AIX(K-1.) .T.ESESU.OR.AIX(K) .GT.rESESQ.OR.AMX(K-1)/(TAUUI-1)*DY(P1124180

1J)),LT.SOLID.OR.AMX(K)/(TAU(I)*DY(J)).GT.SOLID) GO TO 630 Pl124190
GO TO 620 PH124200

74U IF (AIX(K).GE.ESEý,,Q.0R.AMX(K)/(TAU(I)*DY(J)).GE.RHOZ) GO TO 630 PH124210
GO TO 62U PH-24220

* 7b0 IF (U(K).GTo00.Ar4D9U(K+1).LT.0.) GO TO 760 PH24230
IF ((I+1).EQ.IMAX) (.j TO 780 PH124240
IF (AMX(K+2).GT.0..OR.U(K).GE.0..OR.U(K+1).GE.0.) GO TO 770 PH124250

C K AND K+l NOT EMPTY BUT CELL K+2 PH124250
C IS EMPTY. TEST FOR SLAVING K+1 TO K PH124270

IF (AIX(K) .GE.ESESQ.OR.AIX(K+1) .GE.ESESQ.ORAMX(K+1j/(TAU(I)*DY(J)P1124280
X).GEoRHOZ) GO TO 710 PH124290

C YES# SLAVE K+l TO K PH124300
NSLAVE=K+l PH124310
N=I PH124320
M=K PH124330
GO TO 710 PH124340
C *** sREFLECTIVEss TREATMENT PH124350

7b0 UMK=U(K)*AMX(K) -- P124360
UMKP=U(%K+1) *AMX(K+l) PH124370
WSA=T4OPDT*X (I) PH124380
UOTK=UMK/TAU (I) PH-24390
UOTKP=UMr(P/TAU (I+1) PH124400
I;BlJ OT K -UOT KP PH124410
iMMDWS6*WSA PH124420

UAMMP=ýUOTK*U(K) +UOTKP*U (K+1) )/WSB PH124430
VAM;MP=(UOTK(*V (K) +UOTKP*V (K-t1) )/WSB PH124440
SAVEK--AIX(K)+.5*(U(K)**2+V(K)**2) PH124450
EAMMP=CUOTK*SAVEK+UOI-KP*(AIX(K+1)+.5*(U(K+1)**2+V,(K+1)**2)))/WSB P1124460
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60 TO 790 PH-24470

7ou IF (AMX(g(1).N'-'-.0OerU(K-tl).LE.0..OR.U(K).LE.0.O) GO TO 710 PH-24490

lF (AIX(K),GL.ESESQ.OR.AIX(K+1).GE.ESESQ.OR.AMX(K)/(TAU(I)*DY(J)).PH24510
16E9RH-OZ) GO TO 710 PH24520

C YES# SLAVE K To K+1 PH-24530
NSLAVE=K P-H24 540

N~i+1PH24550
PH24~560

GO 70 71u PH24570
CWILL K BECOME MORE THAN EMPTY PH24580

79o IF (AI3S(AMMP) .LT.AMX(K)*ROEPS.AND.ASS-(AMMP).LTROEPS*AMX(K+1)) AMMPH24590
1i~uc PH-24600
wSOUT=0. Ph24610
v;SA=U* PH-24620
v.Sb~uo PH-24630
IF (A;AMPoGTe0.) GO TO 830 PH-24640
%SA=-AMM? PH24650

8u0 _F (.AtiPY.GTo0.) 6O To 840 PH-24660
bv SA W -S A-AMP Y PH-24670

810) IF (GAMC(td)-LT.0.) GO TO 850 PH24680
ý-A.:,-A4 J PH-24690

820 1F (AMMYoLT 0 .) Go TO 860 PH-24700
V4SA=V.SA+AMvMY PH2471 0
6O To 870 PH24720

6 .) VdS6=At/.MP PH24730
GO TO 800 PH-24740

- 6+Q WISB=.ISB+AMPY PH24750
*GO TO 810 PH-24760
850 Vi~SOUT=-GAMC (J) PH24770

GO TO 820 PH24780
6oO WSOUT=WSOUT-AlMMY PH24790

87 DLi~~SA-VWSB-wSOUT PH2480 0
8 I0 D(AMX(K)+1JELMoGE.00, GO To 970 PH24810
c*** INTERiNEDIATE PRINT FOR CELLS OVER-EMPTYING. PH24815

IFGOE9E*)6 TO 880 PH-24820
WRITE (6#1290) IoJ'AMX(K),DELMAMMYGAMC(J)PAMPYwAMMP PH24830

bdo IF (WSOUToGTAMX(K)#) GO To 920 PH24840
C **OTHERdISEPMAKE WSS PLUS WSOUT EXACTLY PH24850
C EQUAL TO AMX(K) PH24860

WS=AMX (K) -WSOUT PH-24870
IF (AMMPoGToO*) GO TO 900 PH24880
AMPYzwS PH-24890

890 0ELm~wSA-WSOuT-AAMP-AMPY PH-24900
C * INTERMiEDIATE PRINT FOR OVER-EMPTIED CELL AFTER PH-24902

*s T GHT AND/OR TOP FLUXES ADJUST$ED. PH24904
IF(INTERoEQoU) GO TO 970 PH-24906
WRITE(AP135U) AMX(K) ýDELMAM;.iYGAMC(J)PAMPYAMMP PH-24908
GO TO 97C PH2491 0

9UU IF (AMPY.GT.O.) Go TO 910 PH124920
*Ammp~vS PH-2493 0
GO TO 890 PH-24940

*93 MM~w/(A.MMP+A.-lPY) *AMMP PH-24950
AMPY w S-AMMP PH24960
GO TO 890 PH24970

**CELL OVER-EMPTIED DOWN OR LEFT. PUT IT BACK. PH24980
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90 IF (ANIMPeLT,0o) -VO TO 930PHJ99

AMUR=0, PH125010
ANIVR=0 PH125020
DELPR=0* PH125030

'930 IF (ANIPY.LT.09) Go TO 940 PH125040
ANIPY=O PH125050
AMUT0o. PH125060
AtMVTU o PH125070
UELETO o PH125080

*94I0 MASS=AMX(K) PH125090

4 UMOM=MASS*U(K) P1125110
VMOMMf-ASS*V(K)PH51

2ENGY=MASS*(.b*U(K)**2+.5*V(K)**2+AIX(K)) PH125120
MASS=MASS-AMMP PH125130
UMOM=UMOM-AMMP*U (K+1) PH125140
VMOM=VMOM-AMMiP*V (K+1) P11Th15-0
LýNGY=ENGY-AAMP*( .5*L'(K+1)**2+.5*V(K+1)**2+AIX(K+1)) PH21r
MASSZMASS-AMPY PH125170
UMOM=UMOivI-AMPY*U (L) PH125180
VMOM=VMOM-AMPY*~V(L)PH59
ENGY=ENGY-AMPY*(.5*U(L)**2+.5*V(L)**2+AIX(L)) PH1251900
MASS=MAbS+ AMMY Pih2bctlO
UMOM=UMOM+ AMMU Pli25220
V MOM= VMt4A+ AMMV P112523)
ENGY=ENG Yr1DELEB PH2 524)
MASS=MASS+GAMC (J) P1125253
UMOM=UMOM+FLEFT (J, PH125260
VMOM=VMOIA+YAMC (J) PH25270

* ENGY=ENGY+SIGC(J) P1125280
WSA=-AMlN1(0. rGAMC(J) )/WSOUT PH125290
WSB=-AMIN1 (0 * eAMMY) /wSOUT PH125300

* LB=K-IMAX PH125310
IF (LB.LT*0) WSA1.o PH125320
IF (;BoLT.0) GO To 950 PH125330
IF (AMMY9EQ.0..OR.WSB.EQ.0.3 GO TO 950 PH25340
WSC=.-%MX (LB) +I.iSB*MASS PH125350
WSD=AIX(LB)+.5*(U(LB)**2+V(LB)**a) PH125360
U (L3) =(AN'X (LB) *U (LB) +WSB*UMOM) /WSC PH125370
V (LB)=(AMX (LB) *V (LB)+WSB*VMOM) /WSC P1-125380
AIX(LB)=(AMX(LB)*WSD+WSB*ENGY)/WSC-S5*(U(LB)**2+V(LB)**2) PH125390
AMX (L"a)=.WSC PH12540 0

950 IF (GA!MC(J).EQ*0.,0R.WSAoEQ,0.) Go Tk) 960 P11254._0
WSC=AMX '(i'-1) 4WSA*MASS PH125420
WSD=A!X(K-1)*.5z(U(K-1) **2+V(K-1)**2) P1125430
U(K-1)=(AMX(K-1)*U(K-1)+WSA*UM0M)/WSC PH125440
V (K~-I)=(AMX (K-I) *V (K-i) +WSA*VMOM) /WSC PH125450
AIX(K-1)=(AMX(K-1)*WSD+WSA*ENGY)/WSC-.5*(U (K-1)**2+V(K-1)**2) PH125460
AMX (K-i) =WSC PH125470

C **INTERMEDIATE PRINT FOR OVER-EMPTIED CELLS AFTER PH125472
C MASS PUT BACK* PH125474
960j IF !IN'rER.EQ.0) Go TO 1100 PH125480

WRITE(6,1360) AMX(K)t DELMP¶ AMMYP GAMC(J)p AMPYr AMMP PH12549C
GO TO 1100 PH125500

S970 IF (AMY9EQe0.) GO TO 960 PH125510
*C CALCULATE ENERGY AND IMOMENTUM FLUX AT TOP PH125520

AMUT=AMPY*UAMPY PH125530
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S AMVT=AMPY *VAN;PY PH25540
u E L ET --A M A Mji F

C iS THIS AT TOP BOUNDARY PH25560
IF (J.NEoJMAX) GO TO 990 PH25570

C YESTOP, ADJUST ENERGY, PH25580
ETH=ETH-DELET PH25590
EMOT=EMOT+OELET PH25600
TOPM=TOPM+AMPY PH25610
TOPMV=TOPMV+Ar4VT PH25620
TOPMU=TOPMU+AMUT PH25630

C IS AMPY LARGE ENOUGH TO TRIGGER REZONE PH25640
IF (AMPY/(TAU(I)*DY(J)),GE.VT) REZ=1, PH25650
GO TO 990 PH25660

C AMPY=O. SET MOMENTUM AND ENERGY FLUX=O, PH25670
9B0 AMUT=0o PH25680

AMVT=O. PH25690
DELET=O, PH25700

990 IF (AMMPEQO,) GO TO 1000 PH25710
C CALCULATE ENERGY + MOMENTUM FLUX AT RIGHT PH25720

AMUR=AMMP*UAMMP PH25730
AMVRZAMMP*VAMMP PH257l0
DELER=AMMP*EAMMP PH23150

C IS THIS AT RIGHT BOUNDARY PH25760
IF (I.NEoIMAX) GO TO 1010 PH25770

C YES' RIGHT. ADJUST ENERGY. PH25780
ETH=ETH-DELER PH25790
EMOR=EMOR+DELER PF125800
[ZTM=RTM+AMMP PH25810
RTMV=RTMV+AMVR PH25820
RTMU=RTMU+AMUR PH25830

C IS AMMP LARGE ENOUGH TO TR•G•.R REZONE PH25840
IF (AMMP/(TAU(I)*DY(J)),GEVT) REZ=l, PH25850
GO TO 1010 PH25860

C AMMP=O. SET MOMENTUM AND ENERGY FLUX=0. PH25870
1000 AMUR=O. PH25880

AMVR=Oo PH25890
DELER=O, PH25900

C REPARTITION ENERGY + MOMENTUM PH25910
iU10 IF (DELMEQ,0.) GO TO 1080 P825920
1020 WSA=o5*(U(K)**2+V(K)**2) PH25930

SIGMU=-AUUT-AMUR+AMMU+FLEFT(J) PH25940
SIGMV=-AMVT-AMVR+AMMV+IAiC (J) PH25950
wS=DELM+AMX(K) PH25960
IF (wS.LEcO.) GO TO 1070 PH25970
UNEW=(SIGMU+AMX(K)*U(K))/WS PH259&0
DELU=UNEW-U(K) PH25990
IF (ABS(DELU).LT*UMIN) GO TO 1030 PH26000
U(K)=UNEW PH26010

1030 VNEW=(SIGMV+AMX(K)*V(K))/WS PH26020
DELV=VNE"W-V(K) PH26030
IF (ABS(OELV).LT.UMIN) GO TO 1040 PH26040
V(K)=VNEW PH26050

1040 WSB=-DELET-DELER+DELEB+SIGC(J) P-PH26060
SIENEW=(UAIX(K)+WSA)*AMX(K)+WSB)/WS- 5*(U(K)**2+V(K)**2) PH26070
DELI=SIENEW-AIX(K) PH26080
IF (ABS(DELI).GTSIEMIN) GO TO 1050 PH26090

C *** SUME SUMS ENERGY FLUXES TOO SMALL TO USE. SUME IS PH26092
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C SUBTRACTED FROM ETH AT THE END OF THIS ROUTINE. PH26094
SUML=SUME+DELI*WS PH26100
GO TO l0t0 PH261101050o AIX(K)=SIENEW PH26120

1060 AMX(K)=WS PH26130
GO TO 1090 PH26140

1070 AMX(K)=O, PH26150
AIX(K).O, 

PH26160

U(K)=Oo 
PH26170

V(K)=O, 
PH26180

GO TO 1100 
PH26190

SDELM=O. BUT IS THERE INDIVIDUAL FLOW PH26200
1080 IF (AMMP.NE.O4) GO TO 1020 PH26210

IF (AMPY.NE.0.) GO TO 1020 PH26220
IF (At.Y.NE.o.) GO TO 1020 PH26230
IF (GAMC(J).NE•0•) GO TO 1020 PH26240

1J90 IF (I.NE*I1) Go TO 1100 PH2625G
IF (U(K).NE.O..OR•V(K)}NE,O.,OR.AIX(K)•NE.O.) NRC=l PH26260

C** SPECIAL INTERMEDIATE PRINT FOR CHECKING ENERGY PH26262
C CONSERVATION - PRINTS ONLY IF INTER : 7 IN INPUT DECK. PH26264
11CO IF (INTER*NE,7) 60 TO 1130 PH26270

ENERGY=DLER+DELET-SIGC(J) PH26280
DO 1110 NN=IJMAX PH26290
ENERGY=ENER5Y+SIGC(NN) PH26300

1110 CONTINUE PH26310
DO 1120 LJO=2,KMAX PH26320
ENERGY=ENERGY+AMX(LJD)*(AIX(LJD)+,5*(U(LJD)**2+V(LJD)**2)) PH126330

1120 CONTINUE PH26340
WRITE (6#1300) IPJENERGY PH26350
WRITE (0P1310) AMPYPAMMPPAMMYPGAMC(J) PH26360
wRITE (6t1320) DELETDELERoDELEBSIGC(J) PH26370

p 1130 CONTINUE PH26380
GAMC(J)=AMMP PH26390
FLEFT(J)=AMUR PH26400
YAMC(J)=AMVR PH26410
SIGC(J)=OELER PH26420
AMMY=AMPY Ph26430
AMMU=AMUT PH26440
AMMV=AMVT PH26450
DELEB=DELET PH26460

C
C * END OF J-LOOP, PH26465
C
1140 K=K+IMAX PH26470

LL=K-IMAX PH26480
IF (U(LL),NEO,,ORV(LL).NE.O°.ORAIX(LL).NEO,) NRT=l PH26490

C
C * END OF I-LOOP. PH26495
C
1150 CONTINUE PH26500
C * ADVANCE ACTIVE GRID. PH26505

Il=Il+NRC PH26510
I2=I2+NRT PH26520

. !" IF (IMAX-I1) 1160P1170#1180 PH-6530
1L160 I1=IMAX PH126540
1170 CONTINUE PH26550

S 1180 IF (JMAX-12) 1190,120O,1210 FH26560
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1i90 12=JMAX PH2,.570
14uU CONTINuE

*1Z1o GO TO 1230 PH26590
C *** NEGATIVE MASS PH26600
lZ20 NK=315 PH26610

NR=9 PH26620
CALL ERROR PH266740

1i30 SUmzO.O PH26640
C *** EVAPORATE LOW-DENSE CELLS ON BASIS OF EVAP, INPUT PH26642
C PARAMETER. PH26644

...O 12O0 II,11 PH26650
PH26660

DO 1270 J=l#1I2 PH26670
IF (A:,'X(K) 0EQ.O.) GO TO 1270 PH26680
lF (AMX(K)/(TAU(I)*DY(J)).GT.EVAP*RHIN:) GO TO 1250 PH26690
.'.S=(U(K)**2+V'(.)**2)/2.0 PH2E700
EVAP"=EVAPM+AMX(K) PH26710
WS=AMX(K)*(AIX(K)+WS) PH26720
EVAPEN=EVAPEN+WS PH26730
ETH=ETH- s PH26740
L.VAPMU=EVAPMU+AMX(K)*U(K) PH26750
EVAPMV=wVAPMV+AMX(K) *V K) PHa6760

C •** INTERMEDIATE PR!NT FOR CELLS EVP'3RATED* PH26765
IF (INTER.EQ.0) GO TO 1240 PH26770
WRITE(6PI34UO) IJrAMX(K),AIX(K),U(K),V(K) PH26780

1240 AMX(K)=0O0 PH26790
AIX(K)=O.O PH26800
P(K)=OoO PH26810
U(K)=O.O PH26820
V(K)=OO PH26830
GO TO 1270 PH26840

C * SET NEGATIVE INTERNAL ENERGIES TO ZERO WHEN SN=O. FH26842
C (INPUT PARAMETER). PH26844
1Z50 IF (AIX(K)G.E.0..Or.SN.GT.0,) GO TO 1270 PH26850
C *** SUM SUMS NEGATIVE INTERNAL ENERGY SET TO ZERO, PH26855

SUMZSUM+AIX(K)*AMX(K) PH26860
C *** INTERMEDIATE PRINT FOR CELLS WHOSE NEGATIVE Pi'26862
C INTERN4AL ENERGY IS SET TO ZERO. PH26864

IF (INTER.EQO) GO To 1260 PH26870
v.RITZ (6#1330) ItJAMX(K),AIX(K)rJ(K)pV(K) A PH26880

1 2 bO AIX(K)=Oo PH26890
1270 K=K+IMAX PH26900
1480 CONTINUE PH26910
C **ETH = THEORETICAL ENERGY SUM# USED IN EDIT FOR PH26912
C ENERGY CHECK. PH26914
C ** EZPH2 ENERC. S'T TO ZERO IN PH2 SINCE TIME=O, PH26916
C *** SUM = NEGATI - 7 RNAL EN'-GY SET TO ZERO ON THIS PH26917
C CYCLE* PH;6918
C * SUME SUM OF THE ENERGY FLUXES IGNORED ON THIS CYCLE* PH26919

ETH=ETHi-SUM-SUME PH26920
EZPH2=EZPH2-SUME-SUM PH269#30
RETURN PH26940

C PH26950
I190 FORMAT (5H NEGM,13,I4,tH M=,lPEl4.7,6H DELM=,1PE14,7t6H BOr=Pu1EPH26960

11L47,TH LEFT=,1PE14,7,6H TOP=,1PEi4.7,5H RT=,1PE14.7) PH26970
1U00 FORMAT (5H I= I3,6X,5H J= I3,6X,9H ENERGY= PE15.8) PH26980
4610 FORMAT (7H AMPY=1PEl5*8t6Xt6H AMMP=1PE15o8B6X#6H AMMY=1PE15.*89H PH26990
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1GAMCCJ)=lPE15.8) PH27000

I FTAn AUAT f7La M7 _ ____ClcýA~- 6D1~Acv.Arig-o1 ~~ -'
* 1SIGCCJ)=IPEl5s8) PH27020

1330 FORMAT (4H- PI12tI4r4H MIlPEl5o8t6h SIE=PlPE159804H U~rlPE15*4vPH27O3O
14H V:,1PE1548,1tbH SIE SET TO ZERO) PH27O'40

'134~0 FORMAT (4H PH2t2Il,4p4 M=91PE1598#6H SIE~tlPE15*8p4H U=#IPE15*8pPH270'+2
14H~- V=Pý:,1Pl5*8pl9H CEL.L EVAPORATED) PH27044f

1350 FORMAT (12H ADJUST FLUXr4H M:,1PEl4o7t61- OELM=PIPEl4o7#6H BOTtr PH27045
11PE14.7#7H LEFT,1#PEl4*7,6H TOP=#lPE14*7#5I4 RT=PlPE14*7) PH2704~6

1360 FORMAT (12H ADJUST MASSr4H M,PE.76DLePE47H8T P2O7
* 11PE1497#7H LEFTZ~lPEl4o7,6H TOP~pIPEl4a7#5H RT=PlPE14*7) PH27048

END P1127050-
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SUBROUTINE REZONE REZ 10

£REZ 30
DIMENSION AMX(2502)tAIXt2502)PU(2502) #V(2502) #P(2502) uREZ 40
1 X(52) #XX(5'+) PTAU(52) tJPMC52) t REZ 50
2 Y(102) #YYC1O4) #FLEFTCIO2)o YAMC(1O2)., SIGC(102)t REZ 60
3 GAMC(102)t REZ 70
4 PK(15)p Z(150) r REZ 80
5 XP(26#51)#YP(26t5lE. REZ 90
6 PL(204) tUL(204) PPRC204) t REZ 100
7 RSN(52)t RST(52)t REZ 110
8 CMXP(5) PCMYPC5) tIJ(5) #JKC5) .REZ 120
9 DX(52) PDDXC54) PDY(102) eDDY(104) ,REZ 130
5 SNB(52) #STB(52) rUK(52,3) #VKC52#3) #RHO(52,3) REZ 140

C **DIMENSIONED ARRAYS REZ 150
C *** BLOCK IS SAVED ON TAPE* REZ 160

C 0 vio 0N Z REZ 170
COMMON PK REZ 180
COMMON YYP XX REZ 190
COMMON DDXt ODY REZ 200
COMMON AMXP AIX# UP Vo. P REZ 210
COMMON TAU# JPM REZ 220
COMMON UL t PL -REZ 230
COMMON XP r Ypt CMXPP CMYP REZ 240

C *** NON4-DImENSIONED VARIABLES REZ 250
COMMON AID ,AMMV PAMMY 9AMPY PAMUR PAMUT PAMVR P REZ 260

1AMVT tDiELES PDELER POELET rDELM PDTODX PDXYMIN#EAMMP PEAMPY r REZ 270
2E PERDUMPPI tI3 PIWS tj rK tKA PKB I REZ 280
3LL PMD #ME r,%ZT rNERR PNK PNPRINT! REZ 290
4NR tNRZ sNULLE PPIDTS PSIEMINtSNR &DSNT rSTR #SOLID r REZ 300
5SUM PTESTRHPTWOPI PURR PWS, tWSA FWSB eWSC PWFLAGVF REZ 310
6WFLAC-L#uWFLAGP REZ 320

C REZ 330
C** THE FOLL0WI~k'G EQUIVALENCES MAKL AVAILABLE REZ 340
C Xt0)p YCO)t DX(0)v DY~o) REZ 350
C REZ 360

EQUIVALENICE (XX(2)9 X(1))p (YYC2)t Y(1)) REZ 37(V
EQUIV!ALLNCE CDDXC2)t DXCI))v CDDY(2)t DY(l)) REZ 380

C REZ 390
C** SPECIAL EQUIVALENCES FOR PH2 ONLY REZ 400
C REZ 410

EQUIVALENCE (ULtFLEFT)t * ULC1O3) eYAMC) * REZ 420
1 (PLPGAMCPPR)t (PL(1C3)#SIGC) REZ 430

C REZ 440
C** SPECIAL EQUIVALENCES FOR PH3 ONLY REZ 450
C. REZ 460

EQUIVALENCE (UL#RSN)p REZ 470
1 (PLPRST)p CPPUK)v REZ 480
2 (P(157)#VK)t (PC313)#SNB)t REZ 490
3 (PC365)#.:TB)p (P(417)PRHO) REZ 500

C REZ 510
C **SPECIAL EQUIVALENCES FOR EDIT REZ 520
C REZ 530

EQUIVALENCE (PR(i)t IJ)t CPRC6)t JK) REZ 540
C REZ 550
C **Z-STORAGE EQUIVALENCES REZ 560
C REZ 570

EQU IVALENCE (Z( i)pPROB )#CZ( 2)#CYCLE )p REZ 580



VEl Mu rD )#(Z(P~~E 4PNIUMSP )#(Z( 5)#NFRELP)#CZ( 6)PNDUMP7)t E

4((15)PRHINIT)PCZ( 16)#PROJI )# (Z( 17)#UN17 )#(Z( 18)PXMAX )p REZ 620

7CZ( 27)#CVIS )#(Z( 28)#STK2 )p MZ 29)rSTEZ )PCZ( 30)PNC )# REZ 650
8(Z( 31)eUN31 )#CZ( 32)#NRC )p (Z( 33)PIMAX )PCZ( 34)#IMAXA )p REZ 660

*9(ZC 35)pejMAX )#(Z( 36)#Jt4AXA )p (Z( 37)PKMAX )P(Z( 38),KMAXA )REZ 670
~.EQUIVALENCE. REZ 680

*1(Z( 39)tB0TM )#(Z( 40)sB0TnV )p (Z( 41)#NUMSPT)PCZ( 42)#CZERO )p REZ 690
2(Z( 43),NUMSCA)PCZ( 44) PRLIM )p (Z( 45)PPRDELT)P(Z( 46)#PRFACT) REZ 700

*EQUI VALENCE REZ 710
1(Z( '47)#11 )#(Z( 48)#12 )p (Z( 49'#IPCYCL)P(Z( 50)PTSTOP )p REZ 72.0
2(Z( 5J.)#RHOFIL)P(Z( 52)eTARGV )p (Z( 53)oN3 )#(Z( 504)PIVARDY)p REZ 730
3(Z( 55)#VT )*(Z( 56)#N6 )# CZ( 57)tRTM )P(ZC 58)PRTMV )p REZ 740
4(Z( 59)#UN59 )PCZC 60)#NlO )t (Z'% 61)#Nll )#CZ( 62)PGAMMA )p REZ 750
5(Z( 63)#TOPM )#(Z( 64)#BOTMU )# (Z( 65)#SN )PCZC 66!tTOPMV )t REZ 760
6(Z( 67)PPRYBOT)eCZ( 68)PPRYTOP)p (Z( 69)PPRXRT )t(ZC 70)PCYCPH3)t REZ 770
7(Z( 71)PREZFCT)#(Z( 72)u'TARGI )p MZ 73)#PROJU )P(Z( 74)#BBOUND)t RUZ 780
8 (Z( 75)PEVAP )#(ZC 76)eECK )p (Z( 77)#NECYCL)tCZC 78)#11 )p REZ 790
9(Z( 79)#JJ )#CZ( P3)PNMP )f (Z( 81)FY2 )tCZ( 82)#EZPk41 )REZ 800
EQUIVALENCE REZ 810
1CZ( 83)eIVARL)X)P(ZC 84)#T )p CZ( 85)PNMPMAX)#CZ( 86)ePMIN )p REZ 820
2CZ( 87)#INTER )#(Z( 88)#TAY8OT)t (ZC.89)#TAYTOP)P(ZC 90)#IEMAP )p REZ 830
3(Z( 91)el4C )#(ZC 92)a14R )f CZC 93)#MZ )P(Z( 94)PMB )REZ 840
EQUIVALENCE REZ 850
1(Z( 95)#REZ )#CZC 96)'NODUMP)p (Z( 97)PUN97 )*CZC 96)#UN98 )p REZ 860
2(Z( 99)#UN99 ):CZCI00)rEVAPM )p (ZC101),EVAP4'N)tCZC(1O2),EVAPMU)e REZ 870
3(ZC1Q3)#EVAPMV)PCZC1O4)#EZPH2 )p (Z(105)PSNL )('1(106)#STL )p REZ 880
4(Z(107)#TAXRT )#CZ(108)#IDNMAP)o (ZC1O9)#IPRMAP). '11O)PROEPS )p REZ 890
5(Z(111),ti1INI )#(ZC112)PVINI )p (Z(113'tFINAL )t% .114)PIVMAP )p REZ 900
S(Z(115)#RHOZ )#(Z(116)#ESA )p (Z(117)#ESEZ )#(Z(118)#ESB )p REZ 910
7(Z(119)#ESCAPA)PCZ(120)#ESESP )# (Z(121)#ESESQ )P(Z(122)#ESES )t REZ 920
8(Z(123)PESALPH)eCZC124)PESBETA)e (Z(125)#ESCAP6)#(ZC126)tIUMAP )t REZ 930-
9 CZ(127)PSS1 )pCZC.'28)#SS2 40, (Z(129)#UMIN )P(Z(130)PSS4 )REZ 940
EQUIVALENCE REZ 950
1CZC131),pRTIME)r(ZC132)pEOR )v (ZC133)#EOT )#(ZC134)PEOB )i REZ 960
2(Z(135)eEMOR )P(Z(136)eDXF )p (Z(137)PDYF )#'ZC138)PRHOMIN)p REZ 970
3CZ(139)#STAB)p (Z(143)PXIENRG)t CZCX41)PXKENRG)o (Z(142)tXTENRG)#REZ 980
4CZ(1*3)#STT )PCZ(144)#DTMIN )# (C'-145)vTRNSFC)#(Z(146)rEMOT )p REZ 990
5CZ(147-)etPROJ )PCZC148)#CNAUT )# (ZC149)PBBAR )rCZ(150)iEMOB REZ1000

C REZ1010

1C REZ1 030
C END OF COMMON REZ1 040

: C REZ1050

C 9. . * e * , , * * , * * * * ' * . . , * o *~ . . o * * * * * * REZ1070
iC **INITIALIZE P-STORAGE. CDT CALLED AGAIN AND PRESSURES REZ1072

1C RECALCULATED AFTER GRID REZONED AND BEFORF PHIPPH3 REZ1074
* C AND P112 ARE CALLED* REZ1076

DO 10 K=2#KMAX REZ1030
P(K)=Oo REZ10390

la CONTINUE REZI.100
NJMAX=JMAX/2 REZ1110
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If: ITMAY .'-'Oz) GO TO 20 REZ1120

%,n -w - REZ1140
C *s1-D REZ1145

*.20 IMAX=Z REZ1150
NIMAX4l REZ1160 ~

*K=2 REZ117O 2
LC*MA+ STORE PROPERTIES TEMPORARILY IN UNUSED PART OF ARRAYS, RE"118O

DO Z$0 J1lPJMAX REZ1190
A-MX(L)=AMX(K) REZ1200

4U(L)=U(K) REZ1210
V(L)=V(K) REZ1220
AIA(L)=AIX(K) a~Z123O
K=K*1 REZ1240
L=L+l RlEZ1250

3u CONTINUE REZ1260
K=2 REZ1270
L=2*JMAX+2 REZ1 280

C **ADD ANOTHER COLUMN OF CELI-Se EACH CELL IN NEW COLUMN REZ1282
C WILL HAVE SAME VELOCITIES AND SIE AND 3 TIMES THE REZ1284I
C MASS OF AXIS CELL. REZ1286

DO 50 J~lPJMAX REZ1290
DO 40 I11e2 REZ1300
AMXU() =AMX(L) REZ1310
U(K)=U(L) REZ13201
V(K)=V(L) REZ1330
AIX(K)=AIX(L) REZ1340

*K=K+l REZ1350
AMX(L)=3.0*AMX(L) REZ1360

£40 CONTINUE REZ1370
*50 L=L+l REZ138O

L=2*JMAX+l REZ1390
C *** ADJUST ETH By ADDING ENERGY OF.CELLS IN NEW COLUMN. REZ1395

00 6U K=3tLt2 REZ1400
ETk-IETH+AMX(K) *(AIX(K)+CV CK)**2)/2.) REZ1£410

60 CONTINUE REZ1420
70 DO 120 J=1#NJMAX REZ1430

K=(.;-l) *NIMAX+2 REZ1440
L=(J-1)*2*IMAX+2 REZ1450
0O 110 I~lvNIMAX REZ1460
M=L+IMAX REZ1470

C *** SUM MASS OF FOUR CELLS TO BE MADE INTO ONE C.ELL9 REZ1475
WSA=AMXCL)*AMX(M)+AMX(L+1)+AMX(M+l) REZ1£480
IF (WSA.EQ*0.) GO TO 80 REZ1490

C *** SUM KiNETIC ENERGY OF FOUR CELLS* REZ1'495
WSB=AMX(L)*(I,(L)**2+V(L)**2)+AMX(m)*(UCM)'**2+V(M)**2)+AMXCL+l)*(U(RE.Z1500
1L+1)**2+V(L+1)**2)+AMXCM+1)$CU(M+1)**2+V(M+1)**2) REZ1510

C **COMPUTE VELOCITIES OF NEW CELL FROM VELOCITIES OF. REZ1512
C THE FOUR CELLS.* REZ1514

UCK)=(U(L)*AMX(L)+U(M)*AMXCM)+U(L+1)*AMX(L.+1)+UCM+1)*AMX(Mfl) )/WSAREZI520
V(K)Z(V (L)*AMX(L)+V(M) *AMXCM)+V(L+1)ý,AMX(L+1)+VCM+1)*AMXCM+1) )/wSAREZ1530

.c*** COMPUTE INTERNAL ENERGY OF NEW CELL. REZ1535
AIX(K)=AIX(L)*AMX(L)+AIX(M)*AMX(M)+AIX(L+l)*AMX(L+1)+AMX(M+1)*AIX(REZ1540

1M+1) REZ1550
AMX(K)=WSA REZ1560
WS=UcK)**Z+V(K)**2 REZ1570
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E=A!X(K)+WSa/2ou REZ1580
S*** COMPUTL SIE OF NEW CELL, REZ1585

AIX(K)=E/AMX(K)-,5*VIS REZ1590
IF (K-2) 100,100t9r REZ1600

*** NEW CELL EMPTY. REZ1605
80 AMX(K)=O, REZ1610

AIX(K)=O° REZ1620
U(K)=Oo REZ1630

V(K)=O° REZ1640
C *** INITIALIZL STORAGE OF CELL QUANTIES OF OLD GRID, REZ1650" j0 AMX{L}=O*O REZ1660

U(L)=0O° REZ167O
V(L)=O°O REZ1680
AIX(L)=O*O REZi690
AMX(M)=O,O REZ1700
U(M)=OO REZ1710
V(M)zGO REZ1720
AIX(M)=O0O REZ1730
AMX(L+1)=O.0 REZ1740
UCL+I)=O,O REZ1750
V(L+1)=O°O REZ1760

AIXtL+1)=OO REZ1770
AMX(M+1)=0,O REZ1780
U(M+1)=OO REZ1790
V(M+1)=OoO REZ1800
AIXCM÷I)=OeO REZ1310

100 K=K+l REZ182G
L=L+2 REZ1830

C *** END OF I-LOOP REZ1835
110 CONTINUE REZ184O

jC *** END OF J-.OOP REZ1845
S120 CONTINUE REZ1850
"C *** OLD PART OF ENLARGED GRID HAS NOW BEEN REZONED, REZ1852

PROPERTIES oF. NEW PART OF GRID WILL BE ASSIGNED REZ1854
8C ELOWe REZ1856

*** CALCULATE NEW DY'S UP TO EDGE OF OLD GRID BY REZ1860
COMBINING THE OLD DY'S , CALCULPTE NEW Y'S FROM REZ1862

THE NEW DY'S. REZ1864
DO 130 J=1lNJMAX REZ1870
DY(J)=DY(2*J-1)+DY(2*J) REZ1880
Y(J)=Y(J-I)+DY(J) REZ1890

130 CONTINUE REZ1900
C ASSIGN THE VALUE OF THE LAST DY CALCULATED ABOVE REZ1902
C TO ALL CELLS ABOVE THE OLD GRID, REZ1904

NJMAX1=NJMAX+- REZ1910
DO 140 J=NJMAXlPJMAX REZ1920
DY'J)=DY(NJMAX) REZ1930
Y(J)=Y(C-1)+DY(J) REZ1940

140 CONTINUE REZ1950
C *** IMAX IS SET TO 2 IF DOING A 1-D PROBLEM REZ1955

IF CIMAXEQ92) DX(2)=DX(l) REZ1960
DX(1)=DX(1)+DX(2) REZ1970
X(1}=DX(l) REZ1980

WS=X(C)**2 REZ1993
* TAU(I)=PIDY*WS REZ2000;• C * ARE YOU DOING A 1-D PROBLEM REZ2005
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IF (IMAX.EQ.2) GO To 300 REZ20212
C *s* CALCULATE NEW DX'S OUT TO EDGE OF OLD GRID BY REZ20iu
"C COMBININO OLD DX'S, CALCULATE NEW X'S AND CELL-FACE REZ2014
C AREAS FROM THE NEW DX'S. REZ2O16 -.

DO 150 I=2eNIMAX REZ2020
OX(I)=DX(2*I-1)+DX(2*I) REZ2030
X(I)=X(I-l)+DX(I) REZ20O4
!iSA=X(I)**2 REZ2050
TAU(I)=PIDY*(WSA-WS) REZ2060 3
WS=WSA REZ2OO

150 CONTINUE REZ2'J80
"C *** ASSIGN THE VALUE OF THE LAST DX CALCULATED ABOVE REZ2082
C TO ALL CELLS TO THE RIGHT OF THE OLD GRID* REZ2084

NIMAX!=NIMAX+l REZ2090
DO 160 I=NIMAXlPIMAX REZ2100DX(I)=DX(NIMAX) REZ2110

X (I) =1%{ I-1) +DX (1) REZ2120

WSA=X(I)**2 REZ2130
TAU(I)=PIDY*(WSA-WS) REZ2140
WS=WSA REZ2150

160 CONTINUE REZ2160
C REZ2170
C *** INITIALIZE CELL BOUNDARIES REZ2180
C REZ2190

JPazO REZ2200
JPA=0 REZ2210
JTB=O REZ2220
JTA;O REZ2230
IPRTZO REZ2240
ITRT=O REZ2250

C REZ2260
IF (PRYTOPLE.Y(NJMAX),ANDPRXRT.LEcX(NIMAX) ANDTAYTOP.LEY.(NJMAXREZ2270

"" ̀*ANDTAXRT.LEX(NIMAX)) GO TO 300 REZ2280
C REZ2290
C * COMPUTE JPBP JPA - BOTTOM AND TOP CELL BOUNDARIES OF REZ2300
C PROJECTILE REZ231C
C REZ2320

IF (PRYBOT.LT.O,.OR,(PRYTOPLEY(NJMAX),AND.PRXRTLEX(NIMAX))) GOREZ2330
1 To 230 REZ2340
J0O REZ2350
IF (PRYBOT.EQs0.) GO TO 180 REZ2360
DYSUM=O* REZ2370
DO 170 J=leJMAX REZ2380
DYSUm=DSUMI-O'D (J) REZ2390
IF (PRYBOTGE°DYSUM-°5*DY(J),AND.PRYBOTLT.DYSUM+.5*DY(J+I)) 60 TOREZ2400
1 lbo REZ2410

170 CONTINUE REZ2420
GO TO 230 REZ2430

180 JPb=MIN0(J+1iJMAX) REZ2440
DO 190 JZJPBPJMAX REZ2450
DYSUM=DYSUM+DY(J) REZ2460
IF (PRYTOP.GE.DYSUM-,5*DY(J),ANDPRYTOP.LTDYSUM+.5*DY(J+1)) 60 TOREZ2470

1 200 REZ2480
190 CONTINUE REZ2490
200 JPA=J REZ2500
C REZ2510
C *** COMPUTE IPRT - RIGHT CELL BOUNDARY OF PROJECTILE REZ2520
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C REZ2530
REZ2540

DO 210 I1=eIMAX RLZ2550
DXSUM=DXSUM+DX(I) REZ2560
IF CPRXRIOGE.DXSUM-,5*DX(I).ANDPRXRTLT.DXSUM+,5*DX(I+I)) GO TO 2REZ2570

120 REZ2580
210 CONTINUE REZ2590
220 IFRTZI PrZ2600
C REZ2610
C ** COMPUTE JTBe JTA - BOTTOM AND TOP CELL BOUNDARIES OF RLZ2620

" C TA;35T RaZ2630t REZ2640

230 IF (rAYBOTLT.Oo.OR,(TAYTOP.LEY(NJMAX).AND.TAXRT.LE.X(NIMAX))) GOREZ2650
1 TO 300 REZ2660
J=0 REZ2670
IF (TAYBOT*EQ*.O) -0 TO 250 REZ2680

DYSUI=O. REZ2690
-0 240 J=IPJMAX REZ2700

UYSvU=DYSUM+DY(J) REZ2710
IF (TAYBOTGE.DYSUM-S**DY(J) ANDTAYBOTOLT.DYSUM+*5*DY(J+I)) GO TOREZ2720

1 250 REZ2730
260 CONTINUE REZ2740

GO TO 300 REZ2750
250 JTB=MINO(J+*tJMAX) REZ2760

DO 260 J=JTI1 JMAX REZ2770
DYSUM=DYSUM+DY(J) REZ2780
IF (TAYTOP.GE.DYSUM-.S*DX(I),AND.TAYTOP.LT.DYSUM+.5*DY(J+I)) Go TOREZ2790

1 270 REZ2800
"260 CONTINUE REZ21 0

"270 ITA=R REZ2520
C REZ2830
C * C ROEPUTE ITRT - R6HT CELLFROUNDARN OF KAR AYT REZ2640
C REZ2850

DXSUMAOX REZ2860
DO 280 IzltlMAX REZ2870SDXSUM=DXSUM÷DX(I! REZ2880
IF (TAXRT*6EDXSUM-ob*DX(I)*AND-TAXRT*LTDXSUM+*5*DX(I+1)) 60 TO 2REZ2890

190 REZ2900
k`0 CONTINUE REZ2910
290 ITRT=I REZ2920
300 CONTINUE REZ2930C. * REDEFINE IMAX AND JKAX FOR ORDERING THE K ARRAYS RLZ2932

C BELOWI REZ2934
IMAX=NIMAX REZ2940
JFILB=JPA+4& REZ2950
JFILA=JTB-l REZ2960

JMAX=NJMAX REZ2970
II=Il/2 REZ2980
I2=I2/2 REZ2990

C *** IS THIS A I-O PROBLEM REZ2995
IF (IMAXGTl) 60 TO 320 REZ3000

C * YES*ADD TARGET MATERIAL REZ3005
JMP1=JMAX+l REZ3010
JMAX=2*JMAX REZ30ZO

DO 310 4=JMPlPJMAX REZ3030
K=-;1 REZ30O4

SAMX(K)=RHINIT*TAU(1),DY(J) REZ3050
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IF (TARGI.GT.O.) I2=J REZ3060O
A1Z1-•A=TR REZ3OO-

ETH=ETH+AMX(K)*AIX(Kh REZ3080 j

JPROJ=JPROJ/2 REZ3100
11=1 REZ3110
GO TO 520 REZ3120

C **• PREPARE To SHUFFLE K ARRAYS SUCH AS TO PRESERVE REZ3130

SK=(J-1)*IMAX+I+l, THEN ADD MATERIA. TO NEW PART REZ3140

C OF GRID. REZ3145
320 UO 360 N-tJMAX REZ3150

J=JMAX+1-N REZ3160
K=(J-1)*IMAX+I+IMAX REZ3170

L=(J-1)*(IMAX+IMAX)+I+IMAX REZ3180
DO 350 I:1uIMAX REZ3190
AMX(L)=AMX(K) REZ3200
AIX(L)=AIX(K) REZ3210
U(L)=U(K) R..Z3220
V(L)=V(K) REZ3230

IF (J-1) 340.340#330 REZ3240

33U AMX(K)=OO REZ3250
AIX(K)=OO REZ3260
V(K)K=OO REZ3270

U(K)O.O REZ3280
340 K=K-1 REZ3290

L=L-1 REZ3300
350 CONTINUE REZ3310
360 CONTINUE REZ3320
C * REDEFINE IMAXJMAX SO THEY WILL REPRESENT NUMBER REZ3322

* C OF COLUMNS AND ROWS IN NEW GRID (SAME AS IN OLD GRID). REZ3324

IMAX:NIMAvX*2 REZ3330
JMAX=NJMAX*2 REZ3340

SIL=NIMAX+l REZ3350

JL=NJMAX+l REZ3360
IF (PRYTOPLE.Y(NJMAX),AND.PRXRT.LE.X(NIMAX),AND.TAYTGPLEYCNJMAXREZ3370

1)oANDTAXRTLEX(NIMAX,) GO TO 510 REZ338C
C *** ADD APPROPRIATE MATERIAL REZ3390
C IN CELLS ABOVE (BUT NOT TO THE RIGHT OF) OLD GRID. REZ3395

DO 430 I=,NIMAX REZ3400
K=(JL-1)*IMAX+I+l REZ3410
DO 420 J:jL,JMAX REZ3420
IF (PRYBOTLT.O.) 60 TO 370 REZ3430
IF (J.GE.JPB.AND.J.LE.JPA.AND.I.LE.IPRT) GO TO 390 REZ3440

C *** NOT PROJECTILE-MATERIAL REZ3450

370 IF (RHOFIL.EQ.0.) GO TO 380 REZ3460
"IF (JGEJFILBANDJLEoJFILA) GO TO 400 REZ3470

C *** NOT FILLER-MATERIAL REZ3480
380 IF (TAYBOT.LT,0) GO TO 420 REZ3490

IF (JGE.JTBAN*.J.LEJTAAND.I.LEITRT) 60 TO 410 REZ3500
C *** NOT TARGET* IHUSvVACUUM, REZ3510

GO TO 420 REZ3520
C *** ADD PROJ. MATERIAL REZ3530
390 AMX(K)=RHINl*TAU(I)*DY(J) REZ3540

IF (PROJU.EQO.,AND.VINI.EQ.0OANDPROJIEGoO.) GO TO 420 REZ3550
IF (I.GT.Il) II=I REZ3560
IF (J.GTI2) I2=J REZ3570
UCK)=PROJU REZ3580
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V(K)=VINI REZ3590
.%TVW%=P^JtREZ3600

GO o0 420 REZZ510%0• Aua Fil LER E30

400 AMX(K)=RHOFIL*TAU(I)*DY(J) RLZ3630
GO TO 420 REZ3640

C *** ADD TARGET MATERIAL REL3650
4 410 AMX(K)=RHINIT*TAU(I)*DY(J) RLZ3660

IF (TARGVoEQO,,ANDTARGIEQ.O,) GO TO 420 REZ3670
IF (I.GTcI1) Il=I REZ3680
IF (J.GT.o2) I2=J REZ3690
V(K)=TARGV REZ3700
AIX(K)=TARGI REZ3710

420 K=K+IMAX REZ3720
430 CONTINUE REZ3730
C *** ADD APPROPRIATE MATERIAL TO CELLS ON THE RIGHT REZ3732
c OF THE OLD GRID* REZ3734

DO 500 I=ILtIMAX RE.:3740
K=L+l RLZ3750
DO 490 J=ItJMAX REZ3760
IF (PRYBOT.LT.Oo 1 6i TO 440 REZ3770
IF (J.GE.JP3.AND.J.LE.dPA.AND.I.LE.IPRT! GO TO 460 REZ3780

C **, NOT PROJECTILE MATERIAL. REZ3785
440 IF (RHOFIL.EQ.Oo) GO TO 450 REZ3790

IF (J.GE.JFILB.Ai4D.J.LE.JFILA) GO TO 470 REZ3800
C *** NOT FILLER MATERIAL., REZ3805
450 IF (TAYBOToLT.0°) GO TO 490 REZ3810

IF (J.GE.JTBAND.J.LE.JTA.AND.I.LE.ITRT) GO TO 480 REZ3820
C *** NOT TARGET MATERIAL. THUS#VACUUM. REZ3825

GO TO 490 REZ3830
C *** ADD PROJECTILE MATERIAL. REZ3835
460 AMX(K)=RHINI*TAU(I)*DY(J) REZ3840

* IF (PROJUoEQO0.AND.VINI.EQ.O..AND.PROJI.EQ.O.) GO TO 490 RLZ3850
IF (I.GT.I1) I1I= REZ3860
IF (J*GTo12) I2=J REZ3870
U(K)=PROJU REZ3880
V(K)=VINI REZ3890
AIX(K)=PROJI REZ3900
GO TO 490 REZ3910

C *** ADD FILLER. REZ3915
470 AMX(K)=RHOFIL*TAU(I)*DY(J) REZ3920

GO TO 490 REZ3930
C *** ADD TARGET M4ATERIAL. REZ3935
480 AMX(K)=RHtINIT*TAU(I)-DY(J) REZ3940

IF (TARGV.Eo.O.oAN0.TARGI.EQ.0.) GO TO 490 REZ3950
IF (!oGToI1) I1*I REZ3960

. IF (J.GT.I2) I2=J RLZ3970
V(K)ZTARGV REZ3980
AIX(K)=TARGI REZ3990

490 K=K+IHAX REZ4000
500 CONTINUE RLZ'•O1O
C *** REUEFINE JPROJPUSUALLY J-INDEX OF TOP CELL IN RE Z4012
C PROJECTILE (INPUT PARAMETER). REZ4014

""510 JPROJ;JPROJ/2 REZ4/020
C ,* REDEFINE AsCTIVE GRID MIARKERS, RE.Z4030
C REZ4040

S " If:If RLZ4050
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5?o0 12=12t2 REZ4060
iF .GT 11MAX REZ4070

IF (122GTJ JMAX) 12:JMAX REZ40R0
C *$* CALL '0 REZONE AND CDT COUNTED AS A CALCULATIONAL REZ4082
C CYLE, SO NC AND T ARE INCREMENTEt) BEFORE PROCEEDING REZ4084
C Oi TO PII,P1H3 AND PH2, REZ4086

WSST+DTNA REZ4090
NK=NC+I REZ4100

C RLZ4110

WRITE (6#620) WS:HK,UX(1) RLZ4120
C * REDLFINE CONSTANTS AND CELL LIMITS FOR CALCULATING REZ4122
C TENSIONS AND STRESSES. REZ4124

KMAXIMAX*JMAX+AX+ REZ4130
IMAXAMIt'AX+l RLZ4140
JMAXAJr4AX+l REZ4150
KMAXA=KMAX+l REZ4160
N6=N6/2 REZ4170
JSTRZJSTk/2 REZ4180
IF (NUMRL:Z.uroNRCZ) NREZ:PIUiREZ REZ4190
NPLACE=NtiEZ-NUMRmZ+2 REZ4200

C *** CALCULATE NEW FTI REZ42IO
ETH:Oo REZ4230
DO 530 K=2rKMAX REZ4240
ETH=ETH+AMX(K)*(AIX(K)+,5*UU(K)**2+V(K)**2)) REZ4250

56i CONTINUE REZ4260
C ***DIVIDE JPM(1) BY 2 TO GET NEW PEAK PRESSURE CELLS.REZ4270

DO 550 I=lMIMAX REZ4280
L=2*I REZ4290
IF (LGT.IMAX) GO TO 543 REZ4300
JPM(I})JPM(L)/2 REZ4310 j
GO TO 550 REZ4320

540 JPM(I)=O REZ4330
.550 CONTINUE REZ4340

"IF (Y2oGT*(-I,)) GO TO 610 REZ4350
C REZ4360
C SCALE CXISTING TRACER POINTS REZ4370
C REZ43BO

DO 56U J=IJJ REZ4390
DO 560 IZ19ii RLZ4400
*XP(IJ)-:XP(l,J)/2, REZ4410
YP(IýJ)=YP(u,J)/a, REZ4420

500 CONTINUE REZ4430
C REZ4440
C * RE&:MOVE TRACER POINTS FROM EVERY OTHER CELL AND EVERY REZ4'50
C OTHER RON REZ4460
C REZ4470

NMP=0 REZ44BO
MOU REZ4490
DO 570 J d1?JJd2 REZ4500
MfM+ 1 REZ4510
L=O BEZ4520
00 570 I=1lII,2 REZ4530
L=L+I REZ4540
XP(L2N)mXP(IJ) REZ455O
YP(LtM),YP(ItJ) REZ4560

57! Nt-IP=NiAP+1 REZ4570
JTPbZ1 REZ4580
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j.srTLTOAT,(JJ'•,/2; +e6) REZL590
ITPL=INTiFLOAT(Il)/2,+,6)+l REZ4600

C REZ4610
C * INITIAL&IZE REMAINING TRACER P011NT STORAGE AND ER2
c * PLACE NEW TRACER POINTS FIRST !N NEW CELLS ABOVE OLD RF-Z4630

c GRI fHEN IN NEW CELLS TO THE RIGHT OF OLD GRID. RLZ4635
c REZ4640

580 00 600 J=JTPt3JTPT REZ4650
00 600 I=ITPLPII REZ1660
XP(I#J)=O, REZ046T
YP(ItJ)=O. REZ4680
K=2*((J-I)*IMAX+.) REZ4690
IF (AMX(K)tEQ..0) GO TO 590 REZ4700
ICELL=Z*I-1 REZ4710
JCELL=2*J-1 REZ4720

C ** PLACE NEW TRACER POINTS IN CELLS SO THEY LINE UP REZ4722
C WITH EXISTING TRACER POINTS BY USING NPLACE WHICH REZ4724
C IS A FUNCTION OF THE NUhBER OF REZONES PERFORMED, REZ4726

XP(IJ)=FLOAT(ICELL-I)+1./2.**NPLACE REZ4730
YP(IJ)=FLOAT(JCELL-1)+1,/2etN*iPLACE REZ4740

590 NMP=NMP+1 REZ4750
600 CONTINUE REZ4760

IF (J.GE.JJ) GO TO 610 REZ4770
C •** GO BACi( THROUGH LOOPS ADDI1IG POINTS ON RIGHT SIDE OF REZ4772
C OLD GRID. REZ4774

JTPB=JTPT+l REZ4780
JTPT=JJ RLZ4790
ITPL=l REZ4800
GO TO 580 REZ4810

610 RETURN REZ4820C REZ4830

620 FORMAT (1H ////2aH PROBLEM REZONED AT T=,IPE12.6,6X,5HCYCLEI4,6X,6REZ484Z.
1HD X(1I=PE12*&////)RRZZ450

END REZ4860-
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SUbtkOUTINE ERROR ERR 10

C E R 30
DIMENSION AMX(25J2)tAIX(2502)fU(Z5UZ) PV(2502) rP(2-562) I,,%4

1 X(52) tXX(54) tTAU(52) rJPei(52) tERR 50
2 Y(102) PYY(104) ,FLEFT(102)t "AMC(102)t SIGC(102)t ERR ZO
3 GANC(102)r ERR 70

* 4 PK(15)t Z(150) t ERR 80
5 XP(26#b!)tYP(26Fs1)t ERR 90
6 PL(201) PUL(204) PPR(201I) v ERR 100
7 RSN(58)t RST(52)p ERR 110
a CI-4XP(S) ,CMYP(5) tIJ(5) tJK(5) pERR 120
9 DX(b:)) PUDX(54) tDY(102) tDDY(104) p ERR 130

$SNb(52) tSTD(52) tUK(52t3) PVK(52t3) tRHO(52,3) ERR 140
C** DIMENSJ~IONED ARRAYS ERR 150
C ** -13LUCK IS SAVED ON TAPE* ERR 160

COMINON Z ERR 170
COM1MO4-1,1 PK ERR 180
COtUlMON YYP xx ERR 190
COMMON DDXt iJDY ERR 200
COMMON A-%IXv iI X f U, Vt r P ERR 21G
COMMON TAUt JPM1 ERR 220
COMMON UL r 0 ERR 230
COMM11ON XP f R f CmXP# CM~YP ERR 240

C *** NON-01.4iENSIONED VARIABLES ERR 250
CO0MMON 1 AID r A MMlV P AMMY vtAMIPY p AMIUR tAlUT t AM.VR t ERR 260

1AI4VT tDELEB PDELER tOELET VDELM~ rDTODX tDXYMINtEAMMP PEAMPY r ERR 270
2E tEROUMPPI F13 oIlWs ?J PK rKA PKB t ERR 280
3LL fmD PME tiM.ZT rNERR PNK ,NPRINTP ERR 290
4NR rNRZ rNULLE rPIOTS PSIEMINPSNR PSNT #STR PSOLID t ERR 300

5SUM PTESTREPTVIOPI tURR fwS #WSA PVWSB #,WSC rWFL.AGFr ERR 310
6WvFLAGLPt &LAG.-' ERR 320

C ERR 330
C **THE FOLLOwING EQUIVALENCES MAKE AVAILABLE ERR 340
C X(0)p Y(o)? DX(0)t Dy~0) ERR 350
C ERR 360

EQUIVALENCE (XX(2)t A(1))t (YY(2)t '((1)) ERR 370
EQUIVALENCE (DDX(2)t DX(1))# (DDY(2)t CY(l)) ERR 380

C ERR 390
C** SPECIAL IEWUVALENCES FOR PH2 ONLY ERR 400
C EkR 410

EQUIVALENCE (ULtFLEFT)t fUL(103x) YAMC)t ERR 4120
(PLtGAM4CPR)p (PL(103)PSIGC) ERR 430

C ERR 440
C Si** SEC b'%. EUUIVALEINCES FOR P113 ONLY ERR 450
C ERR 460

EQUIVALENCE (ULPRSN)i ERR 470
1(PLPRST)t (PPUKIP ERR 480
2(P(1b7)tVK)p (P(313)tSNB)o ERR 490

3 (P(365)tSTB)p (P(4117)vRHO) ERR 500
C ERR 510
C * SPECIAL EvUIVALENCES FOR EDIT ERR 520
C ERR 530
*EQUIVALE14CE (PR(1)t 1J)y (PR(6)s JK) ERR 540
C ERR 550
C** Z-STWiAGE EQUIVALENCES ERR 560

ERR 570
EQUIVALEN4CE (Z( 1)tPROB )t(Z( 2)rC'YCLE )p ERR 580
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[I1(Z( 3) PDT P (Z( 4) 'NU.NSP )P(7( I p "'J f7111:1 0 f. .dIM)7 :kin i90

2(Z( 7)tlCSTOP)t(Z( 8) VPTDY )- Z( Y)TPM t((1)~R '), 0

3(Z( 11)PSTKJ. )t(Z( 12)tNUMREZ)o (Z( 13)PETH )P(Z( 14)tUN1'# )t ERR 610
4(Z( 15)tRHINIT)P(z( 16hPPROJI )P MZ 17),UNi17 )P(Z( 18)PXMAX )p EhR 620
5(Z( 19) f III )?(Z( 20)tlqREZ )t MZ 21) t fA*DM )P(Z( 22) PUVM'AX )p ERR 630
6(Z( 23)tUN23 )'(z( 24)t-MIN )# (Z( 25),JSTR )P{Z( 26),DTNA .)p ERR 640
7(Z( 27h#CVIS )t(z( 28)#STK2 )P MZ 29)tSTEZ )F(Z( 30)tNC )t ERR 650
8(Z( 31IPUN.31 )'(Z( 32)t;\RC )p MZ 33)PIMAX )P(Z( 3t4)PIMAXA )# ERR 660
9(Z( 35)#JMAX )t(Z( 36)PJMAXA )P (Z 37),KMAX )P(Z( 38),KMAXA )ERR 670
EQUIVALENiCE ERR 680
1(Z( 39)pi3oT? )t(Z( 110) PBOTMV )r MZ 41)#NUi'SPT)P(Z( 112)?CZERO )t ERR 690
2(Z( '+3)sNU,.1SCA)P(Z( 44)PPRLIM )p (Z%' 45)PPRDELT)t(Z( 116)PPRFACT) ERR 700
EQUIVALENCE Em< 710
1(Z( 47)PII )t(Z( 48h1I2 )p MZ 49)PIPCYCL)t(Z( 50)PTSTCP )p ERR 720
2(Z( 51)#dHoFlL)P(Z( 52)PTARGV )P MZ 53)PN3 )t(Z( 54)PIVARDY)t ERR 730
3(Z( 55)PVT )t(Z( 56)rN6 )t (Z 57)PRTM )t(Z( 58)tRTI.V )t ERR 7~40
4(Z( 59)tUN59 )P(Z( b0)tNlO )t (Z( 61).-N11 )t(Z( 62)PGAI1MA ).' EMI 750
5(Z( 63)rropm )P(Z( b4)'i3OTMU )t MZ 65)PSN )t(Z( 661.TCPMjV )P ERR 760
6(L( 67h;PRY6OT)t(Z( b8)tPRYTOP)o MZ 69)tPRXRT )t(Z( 70)FCYCPH3)p ERR 770
7(Z( 71),REZFC-T)P(Z( 72)tTARGI )p MZ 73)#PROJU )t(Z( -74)PIOBCUND)t ERR 780
8(Z( 75)tEVAP )#(Z( 76)PECK )t MZ 77)tNECYCL.)P{Z( 78),II )p ERR 790
9(Z( 79)tJJ )t(Z( 60)PNMP )f t(Z( 81)PY2 )t(Z( 82),EZPHI )ERR 800
EQU IVALENCE ERR 310
1(Z( &33),.IVARDX)t(Z( 84)PT )p (Z( 85),W*1PMAX),(Z( 86)PPMIN )P EM< 820
2(Z( 87)PINTER )'(Z( d8)vTAYWO)p MZ 89)tTAYTOP),(Z( 9OhPIEMAP hERR 830
3(Z( 91)PtMC )t(Z( 92)PiMR )t (Z( 93)#MZ )or(Z( 94)PMB )ERR 840
EQUIVALENCE ERR 850

1(Z( 95)PREZ )#(z( 96)tNODUg.IP)t (Z( 97hPUN97 )#(Z( 98)PUN98 )p ERR 860
2(Z( 99)PUN99 )#(Z(100h#EVAPM )t (Z(101),EVAPEN)#(Z(102)PE' v APMU)p ERR 870
3(Z(103),EVAPmV),(Z(104)PEZPH2 )p (Z(105)tS14L )P(Z(106)PSTL )t ERR 88U
4(Z(107),TAXRT )t(Z(108),IDNMAP)# (Z(109)rIPRM~AP)P(Z(110),ROEPS )t ERR 890
5(Z(111)PRHINI )t(Z(112)#VINI )p (Z(113)tFINAL )P(Z(114)PIVMAP )f ERR 900
6(Z(115)#RHOZ )t(Z(116)PESA )(Z17EEZ )P(Z(118),ESB ) R 1
7(Z(119),ESCAPAht(Z(120)PESESP )# (Z(121)PESESQ ).e(Z(122)PESES )f ERR 920
8(Z(123),ESALPHi),(Z(12-4),ESBETA), (Z(125),ESCAP3)P(Z(126),IUf4AP )t ERR 930
9(Z(1271)PSS1 )P(Z(128)tSS2 )p (Z(129)PU.41N )P(Z(130)PSS4 )ERR 940

i EQUIVALENCE ERR 950
1(Z(131)kPRTIME)P(Z(132)PEOR )P (Z(133)rEOT )#(Z(134)?EOB )P ERR 960
2(Z(135)tEM~OR )#(Z(136),DXF )v (Z(137)PDYF )P(Z(138)PRHOMIN)P ERR 970
.5(Z(!39)rSTA3)p (L(140)PXIENRG)t ( L(141),XKENRG), (Z(142)hXTENRG)PERR 980

*4CZ(143hpSTT )t(Z(1Lf4)'i)TMIN )p (Z(145)tTRNSFC)t(Z(1'I6),EMOT )P ERR 990
5(Z(i47)tJPRcxs )P(Z(148)vCNAUT )p (Z(149)PBI3AR )P(Z(-150)PEMOg3 ERRIODO

C ERR.1010

C E RR 1030
* C END OF COMMON ERR 10410
C ERR1O5O

C ERR 1070
IF (NERR.EQ.1) GO TO 120 ERR 1080
UO TO (10,20,tI0,40,50,60,70,80,9O#10), NR ERR109O

10 WRITE (6P13Q NK ERR 1100
GO TO 110 F-RRilIO

2d IsRITE (6F140) NK ERRI12O
it O TO 110 ERR1I30
so W~RITE (6P150) NK ERR1140

GO To 110 ERR115O
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40 l,RlTE (6,160) NK ERR11•0
GO TO 110 EkRI1170

50 ivRITE (61170) NK ERRI18
GO TO 110 EuR2190

60 WRITE (6P180) NK ERRI200
GO TO 110 ERR1210

7 dRITE (62190) NK ERR1220
GO TO 110 ERR1230

AU VRITE (6P200) NK ERR1240

GO TO 110 ERR1270
loo WRITE (6t220) NK ERRI280
110 k'RITE (6t230) I,J:K,(M,Z(t),Z(.),M:150) ERR1290
C *** IF NRz:1, ERROR IS IN INPUT DECK ERR1292

IF(NR.EQ.1) GO TO 121) ERR1294
C** IF NR=5 AND NK=l3O, EDIT PRINT HAS JUST BEEN DONE. BY ERR1296

C SETTIi'4 ERDU:4P:1,,EDIr WILL DO A TAPE DUMP BUT NOT ERR1298
C ANOTHrR PRINT. ERRI300

IF (NR .5.Ao'KoE•.I130) ERDUMlP1l. ERR1310
NERR 1 1 ERR1315
13:11 ERR11320
1,PRINT:l ERR1330
lvFLAGL:1. ERk1340
NU14SPTZNOUM4P7 ERR1350
CALL EDIT ERR1360

ta CALL EXIT ERRI370
C ERR1380
C ERR1390
10 FORMAT (IH1,bXv30H4** ERROR EXIT - SEE STATENMENT NUMBER ,I5PO1- INERRI400

I INPUT ) ERR1410
1i'0 FORMAT (1H1,5X,3d•H*** ERROR EXIT - SEE STATEM4ENT NUMBER ,15,10H INERR1I-20

I SETUP ) ERR1430
150 FORMIAT (1H1,bX,cW-** ERROR EXIT - SEE STATEM,1ENT NUMBER ,ISt0OH INIERR1440"

I CDT ) ERRI450
160 FORMAAT (IH1I5X:3dHc** ERROR EXIT - SEE STATE;4ENT NUiMBER ,15#1OH I:4ERR1460

i ES ) -RR1l.70
170 FORMAT (1H1,5X,3LH4.* ERROR EXIT SEE STATEMENT NUIMBER ,15?i011 IN'RRI480

1 EDIT ) ERR1490
lo0 FORf.iAT (lH1,bX?36H-** ERROR EXIT - SEE STATEMENT NU.BER ,15t1OH INERRI500

I MAP ERRISO
190 FORMAT (1Hp5Xp3oH'* ERROR EXIT - SEE STATE,4ENT NUMBER ,I5,10H INERR1520

1PH1 ) ERR1530
200 F:RAT (1H1,#5X3oH-.**s ERROR EXIT - SEE STATEMENT NUMBER ,I5p1OH INERR1540

I PH3 ) ERR1550
210 FORkAT (IH1,bX,3oH•:* ERROR EXIT - SEE STATEM4ENT NUM4BER ,15,10H- INERR1560

1 PH2 ) ERR1570
220 FORM, iA-T (lH.,bX,33H*-*• ERROR EXIT - SEt STATE:.MENT NUMBER ,15110H INERR1580

I REZONE) ERR1590
250 FORM.AT (//5X?61"1 1 13t6H J1I3t6H K=I3//16X,7HZ-BLOCK//6X,ERR1600

115H REAL FORM1AT ,5X,15H INTEGER FORi.MAT/2XIHI,8X,LHZ(I) ,17X,4HZ(ERR1610
2I)//(I•;,aXtE15o6,5Xp 115)) ERR162O

END ERR1630-
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7. DICTIONARY

This section .ncludes a description of the use and location of each of

the variables in the program. The following terminology is used in the

dictlonary:

"Loca!" Means Y.ame is lucal to subroutine (not in Blanu Common).

"Local(c)" Means name is in Blank Cotrrion (or equivalenced to a vari-

able in Blank Common), but its value is never passed to

another subroutine.

"Global" Means name is in Blank Common (or equivalenced to a

variable in Blank Common) and its value is passed from

one routine to another.

= Z(N) Means variable is equivalenzed to a memiber of the Z-

array, the first array in Blank Co.mmon. These vari-

ables are usually used in setting up and restarting.

ADDVL Local Used in SETUP. Used in finding vclume of cells con-

taining sphere-bcundary.

AID Local(C) Used in EDIT in calculation of crater depth.

AIX Global Specific interral ener&,t in a cell. (IM.X by JMAX

array.)

ALE Constants 'sed in MAP. This array has alphabetic characters

for pressure, density, velocity, and energy maps.

(Defined in DATA statement.)

M .4IM Z(21). INPUr parameter. A cell with compression > AI,0M is
considered solid.

Usual value: 0.95 to 0.99.

Used in ES in testing whether to allow neýgative pres-

sures (tensions).

Used in INIPOT to calculate SOLID = AI.DM * RHOZ, which

j . is used in C,1T and PH3.

AI.MP Local Used in PH2. Mas moving across right boundary of a

cell. (See Appendix B)
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AM.M.U Local Used in P112. Radial morentwun transpor.ed across the

bottom boundary of a cell. (See Appendix B)

AI.21V Local(C) Used in P112. Axial momentum tranrportod across the

bottom boundary of a cell. (See Appendix B)

A!.I..f Local(C) Used in PH2. Amount of irass moving across bottom

of a cell. (See Appendix B)

AIMPY Local(c) Used in PH2. Amouit of rass moving across top of a

cell. (See Appendix B)

AMUR Local(C) Used in PH2. Radial ILomeitunm transported across

right boundary of a cell. (See Appendix B)

AMI1r Local(c) Used in PH2. Radial momentum transported across

top boundary of cell. (See Appendix B)

AMVR Local(c) Used in PH2. Axial mom.entum transported across right

boundary of a cell. (See Appendix B)

AMVT Local(C) Used in PH2. Axial momentum transported across top

boundary of a cell. (See Appendix B)

AIDC Global Mass in a cell. (IMAX by JIMAX array.)

AREAFC Local(C) Used in SETUF. Area of a cell-face. Used in setting

up a sphere. Equivalenced to DELEB.

B Local Used and calculated in PH3

B1R = Z(149) Used in CDT. An ITUT parameter used in local sound-

steed calculation whose value dercends on the kind of

mr.aterial. (Lc-al sound-:.peed is approximated as

C + (HDIR) - /-(-n) .)

BMOUND = Z(74) Calculated in P1H3. Printcd in EDIT uider "Plastic-

Work." Total work done by the plastic stresses.

BOMh = Z(39) Calculated in P112. Printcd in EDIT. Total mass lost

out bottom of grid.

BOTMU = z(64) Calculated in •.•2. Printed in EDIT. Total radial-

mnomentum lost oi.t bottom of grid.
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BOTV = Z(40) Calculated in PH2. Printed in EDIT. Total axial-

" momentum lost out blottom of grid.

CMXP Local(C) Used and calculated in EDIT for printing the centimeter

• CMYP Local"" coordinates of the tracer points.

CNAUT z(148) Used in CDT, INPUT. Approximate sound-speed of

material; calculated in INPUT? as

Co /ESICAPA =
0 RHOZ

CRAD Local(C) Used in EDIT for printing radii of crater depths.

Equivalenced to UL array.

CVIS Z(27) INPUT parameter. Used to describe the bottom

boundary-condition. Used in PHll, PH2, PH3.

Bottom boundary is transmittive when CVIS = -1.,
reflective when CVIS = 0.

CYCLE = Z(2) Used in INPUT, SETUP, CDT, EDIT. Cycle number (an

integer value in floating point form).

CYCPH3 = Z(70) Used in MAIN and PH3. INPUTI parameter: Number of

times to subcycle PH3. If value is -1., PH3 is

omitted.

CZERO Z(42) INPUT parameter. Value of YO for yield strength
calculation. Used in PH3. (See SaRENG)

DDX Global An array equivalenced to the DX array such that

DDX(l) = DX(O).

DDY Global An array eq,111•alenced to the DY array such that DDY(1)

DY(O).

DELEB Local(C) Used in P1"2. Total energy associated with mass trans-

ported across bottomn boundary of a cell. (See

Appendix B)

DELER (Local Us-ed in PH2. Total ervergy associated with mass trans-

ported across right boundary of a cell. (See Appendix B)

DELET Local ' Used in PH2. Total energy associated with mass trans-

ported across top boundary of a cell. (See Appendix B)
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DELI Local Used in ?2, P113. Change of specific internal enery..

of a ceLl.

(C)jDE114 Local Used in P112 for total mrass moving into or out of a

* cell.

DELU Local Used in P112., P113. Change of radial velocity of a

cell.

DELI Local Used in PH2, P113. Change of axial velocity of a

cell.

MIN = Z(24) INPUT parameter. Allowable relative error in energy

sum. If error is > DM1IN then calculation is termin-

ated. Used in EDIT. If everything is working right

you should be able to use lO-3 for DMIN.

DSCALE Local Used in MAP as linear scale factor for compression

nap.

DT = Z(3) Time step. Calculated in CDT. Used in SETUP, EDIT,

P1l, P112 and PH3.

DTFACT Local Used in PH3 ia calculating a variable time step when

subcycling the PH3 calculations.

DTmIN = Z(144) INPUT parameter. Used in CDT. After STAB = FINAL,

if DT < DTMIII execution is stopped.

DTNA Z(26) DT from previous time cycle. Used in INPUT, CDT,

EDIT, RBONE and PHI.

DTIOW Local Used in EDIT. Used for saving DT when calling CDT

to recalculate pressures after a REZONE.

DTODX Local(C) Used in P1H2 for rPY/DX.

DTODY Local Used in P112 for DT/DY.

DTSTR Local Used in PH3. DT fcr recycling through PH3.

DUODX Local Used in P113. DU/DX.

DUODY Local Used in P113. DU/DY.

DVODX Local Used in PH3. DV/DX
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DVODY Local Used in P113. DV/DY.

* DX Global The radial dimension of cells. Equivalenced to DDX

* such that DDX(l) = DX(O).

DXF = Z(136) An INPUT parameter used to calculate the DX array if
the radial dimension of the cells is uniform.

DXSU14 Local Used in SETUP and REZONE to find cell dimensions of

packages when DX is not constant,

DXYMIN Local(C) Used in CDT. Minimum (DX, DY) of a cell. Used in

calculation of SRATIO and DT.

DY Global The axial-dimension of cells. Equivalenced to DDY

so that DDY(l) = DY(O).

DYF Z(137) INPUT parameter. DY of all cells, if DY is constant.

DYSUM Local Used in SETUP and REZONE to find cell dimensions of

packages when DY is not constant.

E Local(C) Used in REZCWE, PHI, and PH3. Temporary storage for

energy calculations.

EANMP Local(C) Used in PH2. Specific internal energy of mass

moving across right edge of cell,

EA•Y Local(c) Used in PH2. Specific internal energy of mass

moving across top of cell.

ECK Z(76) Used in EDIT. Relative error in energy sum. If

IECKI > DMIN, execution is stopped.

EMOB = Z(150) ialculated in PH2. Printed in EDIT. Energy change

out of bottom of mesh.

EMOR = Z(135) Calculated in PH12. Printed in EDIT. Energy change

out right side of mesh.

EMOT = Z(146) Calculated in PH2. Printed in EDIT. Energy change

out of top of mesh.

ENIERGY Local Used in P112 to sum energy of cells.

ENGY Local Used in PH2 as temporary storage for energy of a cell.
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EOB Z(1316 Calculated in PH1. Printed in EDIT. Energy change

due to work done at bottom boundary.

EOR Z(132) Calculated in PHl. Printed in.EDIT. Energy change

* due to work done at right boundary.

OT = Z(133) Calculated in PHI. Printed in EDIT. Energy change

due to work done at top boundary. -I

SERDU14 LUsed in EDIT and ERROR. Flags EDIT to stop execution

because ERROR hes been called.

ESA = z(116) INPUT parameter. Value of "a" in eauation of state.

Used in ES. (= y - 1 when using perfect gas equation

of state.)

ESALPH = Z(123) INPUT pararmeter. Value of "a" in equation of state.

Used in ES.

ESB = Z(l18) INPLUT parameter. Value of "b" in equation of state.

Used in ES.

ESBETA = Z(124) INPUTr parameter. Value of "0" in equation of state.

Used in ES.

ESCAPA = Z(ll9) INPUT parameter. Value of "A" in equation of state.

Used in ES.

ESCAPB = Z( 1 25) INPUT parameter. Value of "B" in equation of state.

Used ia ES.

ESCLE Local Used in MA? as a logrithmic scale factor for energy

map.

ESES -"(122) INTPUT parameter. VaLie of ES in equation of state.

Used in ES.

ESESP Z(120) INPUP parameter. Value of ES' in equation of state.

Used in ES.

ESESQ = Z(121) INPUT parameter. ESES, is usually equal to ESESP.

It is used to test whether a cell should be con-

sidered hot or cold infree-surface treatzent. Used

in CDT and PH2.
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ESEZ - Z(llT) INPUT parameter. Value of "E " in equation of state.0

Used in ES.

ZES4 Local Used in EDIT to sun energy and calculate relative

error of energy sum.

ETA Local Us;ed and calcalated in ES. = p/p

0

ETH 7.(13) Theoretical value of total energy in the mesh. Used

in SETUP, EDIT, REZONE, PH1, PH2, PH3. Calculated in

SETUP initially; in P112 thereafter. it is redefined

in REZONE.

EVAP = Z(75) INPUT parameter. Used in P112. Any cell with density

less than EV1AP times initial density of "projectile"

is "evaporated" and its energy subtracted from theo-

retical energy of system. (1O"3 to lO-8 are

appropriate values.)

EVAPEN Z(101) Calculated in P112 and CMr. Printed in EDIT. Sum of

energy lost through "evaporation" described under

EVAP. Adjusted in CDT when "evaporating" energy of

isolated cells. Initialized in SETUP. Equivalenced

I to SIESPH in SETUP.

EVAPM =Z(I00) Calculated in PH2. Printed in EDIT. Sum of mass

lost through "evaporation" described under EVAP.

Used in PH2 and CDT when "evaporating" mass of iso-

latei cells. Initialized in SETUP. Equivalenced to

RHOSPH in SETUP.

j EVAPMU = Z(i02) Calculated in PH2. Printed in EDIT. Sum of radial

momenta lost through "evaporation." Used in PH2 and

SCDT whtn "evw orating" momentum of isolated cells.

Initialized in SETUP. Equivalenced to VINSPH in

SETUP.

EVAP4V = Z(103) Calculated in PH2. Sum of axial momenta lost through

"evaporation". Printed in EDIT. Used in P112 and CDT

when "evaporating" momentum of isolated cells. In-

itialized in SETUP. Equivaler.ced to RHOOUf in SETUP.
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SEZZPII1 = z(82) Energy gained through setting negative internal

energies to zero in Pill. Printed in EDIT.

EZPH2 = Z(Ih) Calculated in PH2. Sun of specific internal energy

fluxes less than SIEMIN and negative internal energies

set to zero. Printed in EDIT.

FINAL = Z(113) INPUTV parameter. M,'aximum value of stability fraction

(STAB). If FINAL = 0; the stability fraction will be

constant. Used in CDT.

FLEFT Local (C) Used in PH2. Radial momentum of zass moving across

left side of cell. Equivalenced to UL array. (See

Apiendix B)

FLO•_,MA Local Used in MAP.

FRX Local Used in P112 for moving tracer-points.

FRY Local Used in PH2 for moving trace.'-points.

GAMC Local(C) Used i,. 212. Mass moving across left side of cell.

Equivalenced to PL and PR arrays. (See Appendix B)

GA I4A = Z(62) Calculated value of CAN.4A = ESA +1. Calculated in

INPUT. Used in CDT.

HOOP Local Used in PH3. Hoop stress.

I Local (C) Used in imost subroutines as index in radial direction.

IAID Local Used in EDIT in crater depth calculation.

ICELL Local Used in REZONE when placing tracer points in new cells.

ICP3 Local Used in PH3: = INT(CYCPH3).

ICSTOP = Z(P) INPUT parameter. Used ir EDIT. Execution stops on

ICSTOP cycle when stopping on cyeles rather than time.

IDL Local Used in MAP. Number of coltuns in mraps. U, cycle

0, IDL = IMAX; otherwise IDL = Il.

i l45
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*IDNMAP =Z(103)

IEMAP = Z(90) Defined in IJ.PU_. Used in MAP to specify the nturber

IPR1MAP = Z(109) of symbols to be used in the density, energy, pres-

ILUAP = Z(116) sure, u-velocity, and v-velocity naps, respectively.

* IVIAP = Z(114)
II = Z(78) Used in REZOE, EDIT, and SETUP. The nurber of

tracer points in each row.

IJ ocal(C) Used in EDIT. Used to identify which column a tracer

point originated in. Equivalenced to PR(i) in EDIT.

IK Local Used in PH3 as index, = I + 1.

IKK Local Used in. P I3, 1K + 1.

ILIM1 Local Used in MAP as index for printing values of symbols.

ILIM2 Local See ILIMi.

IMAX = Z(33) INPUT parameter. Number of columns in• mesh. IMAX

must be an even number if grid is to be rezoned with
"the exception that IMAX = 1 fo£" a 1-D problem. Used

in SETUP, CID, REZONE, EDIT, PH!, P]12, and PH3.

IMAMA Z(34) I.AX + 1. Used in SETUP and REZONE.

INTER = Z(87) INPOT parameter. If ITER j 0, EDIT will print after

CDT, PHI and PH3. If INTER = 99, in addition tL extyu

EDIT prints, stresses are printed in PH3. (LOTS of

printing. ) if IPTER = 7, energy totals are printedSin PH2 in addition to the extra EDIT prints. Used

in MAIN, EDIT, PHI and Ph2 and P1H3.

INMAA Local Used in IMP. 4P

IP Local Used in EDIT. The colu.n a tracer point is in.

IPCYCL = Z(49) INPUT parametPr. Used in EDIT. The number of

cycles between EDIT prints when printing on cycles

rather than time.

IPRT Local Used in REZONE. Mun-ber of columns in project•ile

after rezoning.
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ISP•NX Local Used in SETUP. I-index of righit-most coluinn which

contains sphere material.

ITPL Local Used in REZONE for adding tracer-points in added cells.

IT1 r Local(C) Used in REZO..E. NtiLber of columns in target after

rezoning&

IVARDX Z(83) Used in SETUP. Flag for variable radial dimension

of cells.

IVARDY Z(54) Used in SETUP. Flag for variable axial dimension

of cells.

ilS Local(C Used as local index in INPUT, SETUP, CDYT, EDIT,

PH2 and P113.

IX Local Used as index in PI12 for tracer-point movement.

IY Local Used as index in PH2 for tracer-point movement.

Ii Z(47) iNPUT pard-meter. I1 is used to limit calculation

in radial direction to "active mesh." Beyond Il

nothing is yet disturbed from initial conditions. Il

is specified initially as (2 + the columrn-nur.ber of

the last colurm in which there is a non-zero velocity

or internal energy). However, Il is never larger

than I;MX. Il is increased autonratically as inactive

cells beome active. If IMVAX = I, then II = 1. Used

in CDT, EDIT, REZONE, PH1, P112 and P113.

12 Z(48) IRUT parameter. Like 1I but for axial-disturbance-

limit. 12 is specified initially as (2 + the number

of the upper-most row in which there is a non-zero

velocity or internal energy ). 12 is increased auto-

.aticalll as inactive cells become active. However;

12 is never larger tchan JAX. Used in SETUP, CDT,
EDIT, REnZONE, Fiji, PH2, P}{3-

13 Loca(C) Used in EDIT as a flag for "short" or "long" prints.

J Local(C) Used ap row-index in miost subroutines.
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JA LocaL Used in SETUP to calcuj.ate J-index of top of sphere.

JB Local Used in SETUP to calculate J-index of bottom of sl!here.

JCELL Local Used in REZONE when placing tracer points in added

cells.

JCENTR Tocal Used in SETUP. J-index of row just below center of

sphere.

JML Local Used in M.IAP. NuLmber of rows in maps. On cycle 0,

JDL = JMAX; otherwise, JDL = 12.

JFIIA Local Used in REZONE. The J-index of the row inanediately

below the target.

JFILB Local Used in REZONE. The J-index of the row immediately

above the projectile.

JFIAG Local Used in PH3. Used in connection with JMI4 for deciding

where to stop calculating stresses.

JINTL Local Used in CDT in defining JPM array.

JJ = Z(79) Used in REZONE, EDIT and SETUP. Nu~rber of tracer

points in each column.

JK Local(C) Used in EDIT. Used to identify which row a tracer

point originated in. Equivalenced to PR(6).

JMAX = Zt35) INPUT parameter. Number of rows in mesh. JMAX must

be an even number if grid is to be rezoned. Used in

SETUP, CDT, EDIT, REZONE, PH1, PH2, PH3.

JI'MXA = Z(36) JMAX + 1. Used in SETUP and REZONE.

J.I4Pl Local Used in REZONE. Limit on do-loop, = J4XAX/2 + 1.

JP Local Used as an index in CDT. Used in EDIT. The row a

tracer point is in.

JFA Local Used in REZONE. The J-index of the top row of

projectile.

JPB Local Used in REZONE. The J-index of the bottom row of

projectile.
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JPM Global Calculated in CDT; used 1n PI13. Tnitialized, adjusted

and saved on tape in SETUP, INPUr, EDIT and REZONE.

JPM(I) is J-index of cell with local maximum pressure

in column I.

JPROJ Z(147) INPUT parameter. Usually the J-index of top cell in

projectile. Used in SETUP and EDIT. Adjusted in

REZONE. The zero point in the crater depth calcul-

ation. A division for printout of total energies,

1 nmass and momenta.

JRADA Local Used in SETUP. The J-index of the top cell on the

axis containing a part of the sphere.

JRADB Local Used in SETUP. The J-index of the bottom cell on the

axis containing a part of the sphere.

JSPHBT Local Used in SETUP as index in placing sphere.

JSPHTP Local Used in SETUP as index in placing sphere.

JSTR = Z(25) INPUT parameter. 'When active-grid gets to JSTR in J

direction, stress calculations begin and negative

presstue are permitted. JSTR needs to be large

enough so that a shock can become well established

before stress calculations begin and negative pres-

sur'es are allowed. Other.iise, meaningless perturb-

ations are calculated in m.aterial which is still at

rest. Used in PH3, CDT and REZONE.

HJA Local Used in REZONE as index.

JTB Local Used in REZONE as index.

JTPB Local Used in REZONE.,. Index for "weeding out" and adding

tracer points.

JTPT Local Used in REZONE. See JTPB.

K Local(C) Used as cell-index in all subroutines.

KA Local(C) Used as index in CDT and PH2.

KB Local(c) Used as index in CDT.
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KK Local Used as index in EDIT to remove tracer points from

empty cells.

KMAX = Z(37) Calculated in SETUP 'IMAX*JAX+1). Used in PH13,

SETUP, EDIT, REZONE. Largest value of K (cell-index).

KMAXA Z(38) Calculated in SETUP (KMAX+i). Used in INPUT, SETUP,

EDIT and REZONE.

KSPACE Local Used in EDIT for spacing printed output.

L Local Used as index in EDIT, INPUT, PM2, PH3, REZONE.

IA Local Used as index in PH2.

LB Local Used as index in PH2.

LJD Local Used as index in PH2 and PH3.

LL Local(C) Used as index in PHll, PH2 and PH3.

LOCA Local Used in EDIT and PH3 in assigned GO TO statements.

LOCB Local Used in EDIT in assigned GO TO statements.

Local Us& as index in SETUP, EDIT, PH2, REZONE, PH3,

ERROR.

MA Local Used in MAP to specify symbol to be printed for

each cell.

MASS Local Used in PH2 for temporary storage of the mass of

a cell.

MAXEXP Local Used in MAP to define logarithmic scale factor for

each map.

MB Z(94) Used and calculated in SEzTUP. The J-index of the

bottom row of projectile.

MC = Z(91) Used and calculated in SETUP. The J-index of the top

row of projectile.

MD Local(C) Used in SETUP. Flag indicating whether or not there

is a target.
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ME Local(C) Used and calculated in SETUP. The number of columns

in the target. (If target extends beyond mesh, ME =

IMAX.)

MINEXP Local Used in MAP to define logarithumic scale factor for

j each map.

MR Z(92) Used and" calcubated in SETUP. The nuirber of columns

in the projectile.

1MSIAVE Local Used in PH2 as storage for slaved-cell index when

transporting mass across top edge of cell.

Z= Z(93) Used and :alculated in SETUP. The J-index of the

bottom row of the target.

I.ZT Global Defined in INPUIT (WT = 150). Used in SETUP and EDIT.

The number of Z-block words.

N Local Used as an index ill PH3, PHI, PH2, REZONE and EDIT.

In SETUP, N is the J-index of the top row of the

target.

N3 Z(53) Defi..ed in SETUP. Used in SETUP, EDIT, INPUT in

reading and writing tapes. = 0 if there are no

tracer points; = 1 if tracer points are used.

N6 = Z(56) INPUT parameter. Used in ES. Negative pressures are

allowed in cells above J = N6 after active-J reaches

JSTR value. The value of N6 is reset in REZOINE.

N6 = 0 allows negative pressures everywhere. On the

other hand, to make sure that negative pressures are

always set to zero give N6 a very large value (many

times as large as JMAX) since in REZONE N6 is cut in

half in order to keep it at the same distance (in nm.)

from the bottom of the grid.

N10 Global Used in CDT to identify I-index of cell which cortrols

DT.

SN11 Global Used in CVT to identify J-index of cell which controls
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NC = Z(30) Cycle number. Set initially to -1 in INPUT. In-

cremented thereafter in CDr.

* NDWP7 = Z(6) INPUr parameter. Used in EDIT to control frequency

of tape dumps. A tape dump will occur every (NDUMFI)

. EDIT prints.

NECYCL = Z(77) Defined and printed in EDIT. The cycle niumber associ-

ated with the largest relative error in the energy

Sum.

NERR Global Used in ERROR ar exit flag. Prevents ERROR from

being called more than once during a single run.

NFRELP = Z(5) INPUT parameter. Used in EDIT to control frequency of
"long" prints. A "long" print will occur every

(NFRELP) "short" prints.

NT14AX Local Used in REZONE as storage for IMAX/2 when IMAX > 1.

NIMAX = 1 when IMAX = 1.

NIMAX1 Local Used in REZONE as storage for NIMAX + 1.

NJMAX Local Used in REZONE as storage for JNaX/2.

NJMAX1 Local Used in REZONE as storage for NJI'AX + 1.

NK Global Used in P112, PH3, EDIT, INPUT, CDT, REZONE and

ERROR. Tells which statement of a subroutine caused

ERROR to be called.

NKA Local Used in PH3 as index.

NKB Local Used in PH3 as index.

NIP = Z(80) Number of tracer points in use. Used in INPUT, .SETUP,

REZONE, EDIT and PH2. Initially calculat-cd i SETUP;

recalculated in REZONE.

1M04AX = Z(85) INPUT parameter. Maximum nuzmber of tracer points to

be generated. If fewer points are needed, MAP will

have the number actually generated. ,1NM.TFX must not be

larger than the nur.ber allowed in dimensions of XP

* and YP. Used in SETUP mid REZONE.

152

______________



K

I
NN RLocal I Tsed as index in P113 and P112.

NODUM = Z(96) INPUT parameter. Used in EDIT. W.hen IJODU1-P 1,, no

tape dumps are irade except on cycle 0. Allows user

to restart a problem without writing on the restart

tape.

NPIACE Local Used in REZONE for lining up added tracer points

with original ones.

NPRINT Global Used in YAIN, CDT and EDIT. Prevents DT and PRTL.

from being altered on intermediate prints. Also,

NPRIN1T = 1 flags EDIT to print and check energy

discrepancy.

NR Global Used in PH2, EDIT, SETUP and CDT to identify which

subroutine called ERROR. Used in ERROR for prinTing

error message.

NRC Z(32) Used in PHI and PH2 in advancing active grid.

NREZ = Z(20) Defined in SETUP. Equals maximum nimber of rezones

allowed. Used in REZO.E to lihe up new tracer points

with those already in grid. Used in EDIT to deter-

mine the original i and J of each tracer Point.

NRT Local Used in P111 and P112 in advancing active grid.

NRZ Global Initialized in SETUP. Equals nwmber of rezones so

far performed. Used in EDIT for printout of 1-D

problems and for determining the original I and J of

each tracer point.

NSLAVE Local Used in PH2 as storage for slaved-cell index when

transporting rass across right edge of cell.

RITZL Global Equivalenced to R11C in CDT and ES.

i'HEEZ = Z(12) INPUT parameter. Initially equals ntmber of rezones

allowed in one ruwn. Diminished by one after each

rezone. Used in EDIT and REZONE.
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SNUMSCA = Z(43) INPUT parameter. Numnber of times the print interval

is to be rescaled. Used in EDIT. See PRDELT for

* further details.

NUI4SP = Z(4) Used in EDIT to count the rnumber of "short" prints

since the last "long" print.

NUMSPR = Z(41) Used in EDIT to count the nuiriber of prints (short

and lcng) since the last tape dump.

NZ = Z(19) Defined and used in EDIT for 1-D problems. NZ =

4**NRZ. After rezoning the grid NZ is used to scale

the values printed by EDIT for the total mass, energy

and momentum.

P Global Cell-pressure. IMAX by JNAX array. Calculated in ES.

Used by PH1. The P-storage space is used for UK, VK,

and RHO storage in PH3. The P-array is initialized

at the beginning of PH3.

P1 Local
P2 Local
P3 LocalSP4 Local
P5 Local Used in ES as stor.-ge for various terms in the

P6 Local pressure equations.
P8 Local
P9 Local
P12 Local

PABOVE Local Used in PH1 as storage for pressure at top of cell.

PBLO Local Used in PH1 as storage for pressure at bottom of cell.

PIDTS Local(C) Defined and used in PH1 as l./(n*DT*DY).

SDefined and used in P112 as I./(x*DT).

PIDY Z(8) Defined in INPUT: = i.. Used in REZONE, SETUP, Pill,

PH2, and PH3.

PK Global Used in SETUP and INPUTJ foi defining input parameters.

(See Appendix A.) PK(3) used in EDIT to signal a

"long" or "short" print on first cycle of a restart

"run.
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PL Local(c) Used in F-Il for saving pressures on left side of

cell. Used in EDET for crater depth printout.

Equivalenced in standard OITIAP4 as follows:

PL = RiST (for P113)
PL = PR = GAmO, (fo.1 P112)
PL(103) = SIGO (for P112)

FMIN Z(86) Used as a pressure cut-off. Calculvted and printed

in CDT as (C0 ) * (p0) (Um.n) ' initially defined

in INPUT as 106.

PR Local(c) Used in INPUT and EDIT for terporary storage.

PRAMOA Local Printed and calculated in EDIT. The positive radial

morentum above JFPROJ. Equivalenced to PR(8) in EDIT

only.

PRAMOB Local Printed and calculated in EDIT. The positive radial

mromentur, below JPROJ. Equivalenced to PR(16) in

EDIT only.

PRDELT = Z(OO) INPUT parameter. Gives the initial time interval

between EDIT ,rints. There are five parameters which

control printing frequency: PRDELT, IPCYCL, PRLIM,

PRFACT, and 11134SCA. If the user is printing on time

(PRDELT / 0. and IPCYCL = 0.), DT will be adjusted so

that a print will occur exactly every PRDELT seconds.

If the user is printing on cycles (PRDELT = 0.,

IF-CYCL j O.),a print will occur every IPCYCL cyzles.

PRLIM, PRFACT and 1RU.SCA are used to increase the

print interval. PRLII4 is the time (or cycle) at which

PIRDLT (or IPCYCL) and PRLIM are multiplied by PRFACT.

The new value of PRLIY4 establishes the next time (or

cycle) when the print interval. will be rescaled.

This process continues at most NUMSCA times.

EXA1.PL2: You wish to print every 1 x 10-8 sec. until
you reach 1 x 10-7 sec., then ,very 1 x 1O-7 sec. until
I x 10-6 sec. and every 1 x 10-6 sec. thereafter:

PRDELT 1i x ±0-8 PRFACT = 10.
= 1. x l0o-7"'MUSCA = 2.
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* PRFACT = Z(h6) ihrp yi parameter. Used in EDIT as a factor for resoaling

PRDELT, IPCYCL, and PRLIM ,hen PRLfI4-time or cycle is

reached. (See PRDELT.) Should be > 1.

PRLIM =00 IIUPLT parameter: ý'-e or cycl6 at which to rescale

PRDELT (or IPGYCL) and PRLIM by PRFACT. (See PRDELJT.)

PRNS Local(C) Used and calcutat-d in EDIT. Total rass below JPROJ.

Equivalenced tc. PR(12) in EDIT only.

PR1V Local(") Used and calculated in EDIT. Total axiel momentum

below JPROJ. Equivalenced to PR(12) in EDIT only.

P.RNVP Local(C) Used and calculated in EDIT. Total positive axial

momentum below JPROJ. Equivalenced to PR(14) in

EDIT only.

PROB = Z(1) INPUT parameter. Identifying problem nunber. Used

in EDIT and INPUT.

FROJI = z(16) INPLI parameter. Initial specific internal energy

of projectile. Used in SETUP and REZONE.

PROJU = Z(73) INPUT_ parameter. Initial radial velocity of projectile.

(Usually = O, Used in SETUP and REZONE.

PROPI Local Calculated and used in EDIT. For 1-D problems the

totals for energy, mass, momentum per u,-it

area are printed. (i.e., they are divided by

I 4** (Number of rezones)) and stored in PROPI for printing.

PRR Local Used in PH1 as temporary storage of pressure and

pressure averages.

PRTIME = Z(131) Initially set to PRDELT in INUT. Thereafter cal-

culated in EDIT. W-Then T = PRTII.E, it is time to print.

PRXRT = Z(69) INPUTf parameter. The outer radius of projectile (in

cms.). PRXRT must be at a cell-boundary. Used in

SETUP and REZOnE.

PRYBOT = Z(67) INPUT farameter. Y-value of bottom of projectile (in

* cms. ). PRYBOT should be at a cell-bondary. If no
"projectile is to be generatp'!, PRYBOT should be

set to -1. Used in SETUP and REZONE.
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PSCLE Local Used in MAP at; a logarithir.ic scale faczor for the

pressure imps.

PlTF•,R Local Used in CDT when calculating JM array (the maximum

pressure location in each colu'mn).

PW Local Us-J ia P113 to calculate plastic work when IWiER = 99.

RADIUS = PK(12) iNPUT parameter. Radius of sphere (in cms.). The radius

= Z(162) need not be a multiple of DX. Used in SETUP. Equivalenced

to PK(12) in SETUP.

RAMOMA Local Printed and calculaTed in EDIT. Total radial momentum

above JPROJ. Equivalenced to PR(7) in EDIT only.

RATIO Local Used in CDT in calculation o; DT. Ratio of (DX,DY)min

to (UV, local sound speed) max

RC Local Used and calculated in PHI as distance from axis to

center of a cell.

-RELERR Local Used in EDIT for storing and printing maximum

relative error in the energy sum.

REZ = Z(95) Flag defined in P112 and used in EDIT. Signals when

the REZONE subroutine should be called. (The rezone

flag is turned on when rateriaL begins to flow out

through transmittive boundariec. In REZONE each set

of four cells in the mesh is made into one cell. The

new mass is the sum of nasses in the four original

cells. MoImentut= and total energy are conserved but in

so doing some kinetic energy is chr.nged to internal.

(The result is that rezonialg has a stabilizing in-

fluence.) r.hen all permitted rezones have been done,

material is allowed to flow out through trausmittive

boxindaries and the mass and energy are lost from the

system.

REZFCT = Z(71) INPUr flag for rezoning. If = I., the grid is rezoned

(NwT.,IRZ) times. If = 0., no rezoning is done. Tested

in P112 and EDIT.
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MINI Z(111) INPUf parameter. Initial density of projectile. Used

in SETUP and REZONE. In P11? it is used to determine

" whether materia]. should be evaporated. (See EVAP)

RHINIT Z(l5) INIPUr parameter. Initial density of target. Used in

SETbP and R7EZNE

RhO Local(c) Used. in PH3 for temporary storage of cell density.

RHOFIL = Z(51) INP!W parameter. Initial density of filler miterial

between the projectile and target. UJsed in SETUP

and REZONE.

R110' = Z(138) IHPUr parameter. Cells with p < R11I4iN are by-iAssed

in calculation of DT.

RHOOUP = Z(103) INPUT parameter. Used in SETUP. in cells containing

sphere boundary RHOOUT is the density of naterial

outside sphere. Equivalenced to Z(103) and EVAPl4V

in SETUP.

RHOSPH = Z(lOO) INiPUT parameter. Used in SETUP as the initial density

of sphere. Equivalenced to Z(1OO) and EVA??M in

SETUP.

RHOW Global Density of cell. Calculated in CDT, used in ES.

Equivalenced to NULLE in CDT and ES.

RHOZ = Z(115) INPUT parameter. Normal density. Used in IN-PUT, CDT,

ES, EDIT, P112 and PH3.

ROEPS = Z(llO) INPUT parameter. Round-off epsilon used in calculating

cutoffs. Used in CDT to calculate U4IN.
U?41NI (PROEPS)(Jimaximmun u or vi)

Used in SETUP, EDIT and PH2.

RR Local Used and calculated in Plil. Distance (cros.) from axis

to center of cell on the right.

2 • RTM = Z(57) Calculated in PH2. Printed in EDIT. Total mass lost

out right side of grid.
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RTMU = Z(1O) Calculated in PH2. Printed in EDIT. Total radial-

momentum lost out right side of grid.

RTIM" = Z(58) Calculated in P112. Printed in EDIT. Total axial-

momentum lost out right side of grid.

SAVrEK Local Used and calculated in PH2, Factor u"ed in calculation

of energy fluxes across right and top boundarien of

cells on reflective boxudaries.

SIEM.IN Global Used in IMAP, PH2. Calculated in CDT. SIE cut-off
value = (Un) 2

SIEMEV Local Used and calculated in P112. New value of specific

internal energy.

SIESPH = Z(IOI) IiPUr pa:ameter. Initial value of specific internal
energy of sphere. Equivalenced to Z(10!) and EVAPEN
in SETUP.

SIGC Local(C) Used in PH2 for energy carried by mass moving across

left side of cell. Equivalenced to PL(103). (See
Appendix B.)

SIGMU Local Used in PH2 for radial momentum moving across cell-

boundaries.

SICG41V Local Used in P112 for axial momentum moving across cell-

boundaries.

SN Z(65) INP•7r flag: W.hen 0. negative internal energy is to

be set to 0. !.When 1. negative internal energy is

to be left alone. Used in Pill and PH2.

S?1B LocalC) Used in P113 for normal stress at bottom of a cell.

Equivalenced to P(313).
SNL Z(,05) Used in PH3 for normal stress at left of a cell.

SNLX Loýcal Used in P1i3. = SUL :+ X(I-l).

S', Local(C) Used in PH3 for nor.al stress at right of a cell.

(=S1 Iat right.)

SHT Local(C) Used in PH3 for normal stress at top of a cell.

s2. at top.)
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SOLID Global ulated in IITPU as (1i1O0 N A4DMM). Used in P112,

L-13 and CIT.

SRATIO Local Used, in CDT to calculate DU. M1ne sirallest ratio of

minimum cell dimension to maximum velocity.

SSl - Z(l7) Calculated in INPUr. Used in ES: = l./(ESESP-ESES).

SS2 = Z(128) INPtP parameter controlling reflective (and axis)

boundary tireatment. Usually = 1. Used in P112.

SS4 = Z(130) INPUT parameter. If SS4 j 0., 1EZONE is called on

second cycle of run. Used in EDIT.

STAB = Z(139) INPUT parameter. Used in CDT. Initial value of

"stability fraction" for the calculation of DT. If

FINAL = 0., STAB is constant. Otherwise its value

progresses from STAB to FINAL in a geometric pro-

gression.

STB Local(C) Used in PH-' for shear stress at bottom of eel'

Equivalenced to P(365).

STEZ = Z(29) INPUII paran,!ter: EO. Used in yield-strc, ,th cal-

culation in P113. See STRENG.

S!PKI = Z(ll) INPUT parameter: YI" Used in yield-strength cal-

culation in PH3. See STRENG.

STK2 = Z(28) INPUT parameter: Y2 " Used in yield-strength cal-

culation in PH3. See STRENG.

STL Z(I06) Used in PH3 for shear stress at. left of cell.

STLX Local Used in PH3. = STL * X(I-l).

STR Local(c) Used in P113 for shear strcss at right of cell.

STRENG Local Calculated and used in PH3: yield strength of
iraterial. (Y7% Y 1 Y2 supplied by user.)

STREi'IG = (Y0 + YP + • (1 -k)

16
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If STRENG < 0., sti'rs::es are set to 0.

If E > EO, ?TRENG = 0.

YO is -'ZERO,

Y is STKI,

Y2 is STK2I

P 0 is RIIOZ,
E is AIX of cell,

E is STEZ,

p is density of cell,

j.L= P/P- I.

STT Z(143) Used in PH3 for shear stress at top of cell.

SUM Local(C) Used in PI12. Suirs negative internal energy when

negative internal energy is set to zero.

S SUŽY Local Used in PH2. Sums energy changes.

S UMt Local Used .in SETUP to define JEADA.

SUIM2 Local Used in SETUP to define JRADB.

T z(84) Time in seconds. Initially defined in 11PUr. Incre-

mented in CDT. Adjusted in EDIT for printing.

Printed by CDT, EDIT, REZONE.

TARGI = Z(72) INPUr parameter. Initial value of specific internal

energy of target. Used in SETUP and REZONE.

TARGV = Z(52) INPUr parameter. Initial value of axial-velocity of

target. Used in SETUP and REZONE.

TAR.'AS Local(C) Used in EDIT. Total mass above JPROJ. Equivalenced

to PR(4) in EDIT only.

TARMV Local(C) Used in EDIT. Total axial momentum above JPROJ.

Equivalenced to PR(5) in EDIT only.

TAMMVP Local(C) Used in EDIT. Total positive axial momentum above

JPROJ. Equivalenced to PR(6) in EDIT only.

TAU Global Calculated in SETUP and REZONE. Area of cell face:

=X(X(I) - X(I-1)). Used in most subroutines.
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TAUDTS Local Used and calculated in Pill: = TAUKDT.

TAXIT Z(10) INPUTJ parameter. Oter radius of target (in cms.).

"TAXRT should be at a cell-boundary. Used in SETUP

and REZONE.

TAYBOT = Z(88) INPUT pa.rameter. Axial location of bottom of target

(in cms). TAYBOT should be at a cell-boundary. If no
"target, " TAYBOT = -1. Used in SETUP and REZODnE.

TAYTOP = Z(89) INPUT parameter. Axial location of top of target (in

eos). TAYTOP should be at a cell-boundary. Used in

SETUP and REZONE.

TEPRO Local Used in EDIT. Total energy below JPROJ. Equivalenced

to PR(ll) in EDIT only.

TESTRH Global Calculated in INPUT: = (.2)*FOIOZ. Used in CDT in

defining pressure scale factor.

t (C)
TETAR Local Used in EDIT. Total energy above JPROJ. Equivalenced

to PR(3) in EDIT only.

TH03 Local Used and calculated in P113: + a +

TH(Cc) 
(-ar_ B

TIEPRO Local Used in EDIT. Total internal energy below JPROJ.

Equivalenced to PR(9) in EDIT only.

TIETAR Local(C) Used in EDIT. Total internal energy above JPROJ.

Equivalenced to PR(l) in EDIT only.

(M)
TKEPRO Local Used in EDIT. Total kinetic energy below JPROJ.

Equivalenced to PR(IO) in EDIT only.

TKETAR Local(C) Used in EDIT. Total kinetic energy above JPROJ.

Equivalenced to PR(2) in EDIT only.

TMA Local Used in MAP to associate a given density with the

printed symbol.

TN(FW Local Used in EDIT: = time now; saved when EDIT calls -CDT

after calling REZONE.

TOP14 = Z(63) Calculated in P112. Printed in EDIT. Total rass lost

out top of grid.
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TOP14U = Z(9) Calculated in PH2. Printed in EDIT. Total radial-

ro•r.entur? lost out top of grid.

TOPMV = z(66) Calculated in P112. Printed in EDIT. Total axial-

momentum lost out top of grid.

TOTSPH Local Used in SETUP_. Total volume of sphere.

TRIAL Local Used in CDT. Maximum sound-speed or velocity used to

define DT!.

TR?1SFC = Z(145) Defined in IPUr: = .4. Used in P112 to define maxi-
mum transport velocity. (See UvVAX.)

TSTOP = Z(50) l1NPUT parameter. Value of T at which execution stops

when stopping on time rather than cycles.

IrWoPDyr Local Calculated and used in PH2: = 2*it*DT.

TIWOPI Global Calculated in INPU2. Used in PH3: = 2- .

U Global Radial velocity of cell. (IMAX by JXAX array.)

UAM24P Local Used in P112 for U of mass moving across right cell-

edge.

UAMPY Local Used in PH2 for U of riass moving across top cell-

edge.

UBAR Local Used in PHI3 in calculating energy sum.

UEEF Local Used in P112 to move tracer-points.

UK !.oCal(c) Used in P1H3. Temporary storage for part of U array.
Local Used in P13. Temporary storage for U(K).

UL Local(c) Used in PHI for U on left. Used in EDIT for crater

depth printout. Equivalenced as follows in standard

OIL-RPM:

UL(103) CFAD (for EDIT)
UL = RS.I (ifor Pli3)
UL = :-'L (for P112)
UT(J.03) = YAI-C (for P112)

UV.IN Z(129) Calculated in COr. Used at velocity cutoff in PH2,PH3,

and -A?: = (POEPS)*(naxi!Lun sound-speed or velocity).
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UMK Local Calculated and used in P112. Temporary storage for

UMKP Local Calculated and used in PH2. Temporary storage for
.. U(K+l )*AMX(K+l ).

1MOM Local Calculated and used in PH2: = MASS*U(K).

UNxxx = Z(xxx) Unused Z-storage.

UNEW Local Calculated and used in PH2. New value of U.

UOTK Local Calculated and used in PH2: = UMK/TAU(I).

UOTKP Local Calculated and used in PH2: = Lu2icP/TAU(I+l).

UOX Local Used in P113: =U/,X.

URR Local(C) Used in PH- and PH2. Temporary storage for velocity

and velocity averages.

USCLE Local Used in MAP as logarithmic scale factor of radial

velocity map.

UVMAX = Z(22) Used and calculated in PH2. Maximun transport velocity.

In radial direction UWAX TRNSFC'*DX(I)/DT.

In axial direction U.MAX = TRNSFC*DY(J)/DT.

V Global Axial velceity of cell. (IMAX by JMAX array.)

VABOVE Local Used in P1l and PH2 as storage for velocity at top

of cell.

I VALUE Local Used in MAP in printing naximum value of each map

symbol.

WVNW Local Used in PH2 for axial velocity of xrass moving across

f right cell-edge.

VA1PY Local Used in P12 fez axial ecocity of Pess moving across

I top cell-edge.

V'BAR Local Used in PH3 in calculating energy sum.

SVBLO Local Used in PHl as storage for velocity at bottom of cell.

VEFF Local Used in PH2 to move tracer points.
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VEL Local Used in PH11 as subcycle flag.

L. VFACT Local Used in" P]13 tn setting boundary conditions.

VINI = Z(LL2) INPUT parameter. Initial axial velocity of projectile.

Used in SETUP and REZONE.

VINSPH = Z(102) INPUIK arameter. Initial axial velocity of sphere.

Used in SETP•P. Equivalenced to Z(102) and EVAPI4U

in SETUP.

VK Local (C) Used in P13. Temporary storage for part of V array.

VK Local Used in P113. Temporary storage for V(K).

VMK Local Calculated and used in P112: = V(K)*AM (K).

VIL Local Calculated and used in P112: = V(K+II4AX)*AM[(K+IMAX).

VNEWr Local Calculated and used in PH2. New value of V.

VOLSPH Local Calculated and used in SETUP. Volume of toroid gen-

erated by a cell. Used in setting up sphere.

VW.: Local Calculated and used in ES.

= (normal density)/(density of cell).

VSCLE Local Used in IMAP as logarithmic scale factor for axial

velocity map.

VT Z(55) INPUT 1.arameter. Used in P112 as minimum mass flux

(across top or right side of one boundary cell in one

cycle) needed to trigger a rezone. Usually

VT P0 x1-

W.DYF Local Used in PH2 as temporary storage for DY(J) or DY(J+!).

WFLAGF Gobal Used in LIPUT and EDIT. Flags first cycle. Set = 1.

in INPUT. Set = 0. in EDIT.

W,•FIAGL Global Used in .7AIIi and EDIT. Flags last cycle. Set = 1.

in EDIT.

VWFLAGP Local(C) Used in EDIT. Flags beginning of printout of pro-

perties for cach cell in a given colu.n.
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WS Local(C) Used in most subroutInes for local working storage.

WSA Local(C) Used in most subroutines for local working storage.
"46 WSB Local(C% Used in most subroutines for local working storage.

WSC Local(C) Used in most subroutines for local working storage.

WSD Local Used in PH2 local working storage.

WS14AX Local Used in MAAP to define scale factors.

WSMIN .Local Used in YAP to define scale factors.

WSOUT Local Used in PJ12 for adjusting over-emptied cells.

WT Local Used In CDT for local working storage.

WTA Local See WT.

WTB Local See WT.

X Global Distance (cms) from axis to outside of cell. Equi-

valenced to )a array such that X(O) = xx(1).

XIENRG = Z(140) Total intehrial energy. Calculated in EDIT and used

for printing labels on tracer point plots.

XKENRG = Z(141) Total kinetic energy. Calculated in EDIT and used

for printing labels on tracer point plots.

XL2 Local Calculated and used in S91UP for placing sphere!
F 2

XMAX = Z(18) Calculated in SETUP: = X(IMAX).

jXP Global Tracer-point x-coordinates. Used in INPUIT, SETUP,

EDIT, PH2 and REZONE.

XR Local Calculated and used in SETUP for placing sphere:

2
= (x(i))

XTENRG = Z(l)•2) Total energy. Calculated in EDIT and used for printing

labels on tracer point plots.

XUI4 Constants Used in MAP. Has negative alphabetic characters for

maps. Defined in DATA statement.
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YX Global Equivalenccd to X array so as to make X(O) available.

Y Global Distance (cms) from bottom of grid to toD of cell.

Equivalenced to YY array such that Y(O) V YY(l).

"Y2 Z(8i) INPUr tracer po-lat flag: when = -2, tracer points

are calculated; when = 0, tracer points not calculated.

(c)YA14C Local Calculated and used in P142. Axial mromentiun of mass

moving across 1 ft side of cell. Equivalenced to

UL(103). (See Appendix B)

YBOTM4 Local Calculated and used in SETUP in placing sphere:p Y(J-l).

YC2 Local Calculated and used in SETUP in placing sphere:

S(YCEi Ma) 2 .

YCENTR = PK(13) INPUM parameter. Distance (cms) of center of sphere

= Z(163) from bottom of grid. YCENTR must be at a cell-

boundary. Used in SETUP. Equivalenced to PK(13)

in SETUP only.

YDIFFB Local Calculated and used in SETUP in placing sphere.

YDIFFI Local Calculated and used in SETUP in placing sphere.

YDIFFO Local Calculated and used in SETUP in placing sphere.

YDIFFT Local Calculated and used in SETVP in placing sphere.

YLINTA Local Calculated and used in SETUP in placing sphere.

YLINTB Local Calculated and used in SETUP in placing sphere.

YLOWER Local Calculated and used in SETUP in placing sphere.

YMAX Local Calculated in SETUP: = Y(31,X).

YP Global Tracer-point y-coordinates. Used in INPUf, SETUP,

EDIT, PH2 and REZONE.

YR I IA Local Calculated and used in SETUP in placing sphere.

YlIMTB Local Calculated and used in SE2UP in placing sphere.

ITIOP Local Calculated and used in SrTUP in placing sphere.
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YUPPER Local Calculated and used in SETUP in placing sphere.

YY Global Equivalenced to Y array ,-o as to make Y(O) available.

Z Special Storage for most of the input parameters. The Z-array

[ - Global (150 words) i. written on tape for restarts. Used in

IN'IP, MAIN, and SETUP. (See Appendix A)
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APPENqDIX A
Z- STORAGE LISFTED N~~TAL

Fee Dietioniary for mecaning and uoe.

*1 - P1OB 30. NC 59. Un 59
2. CYCLE% 31 UN3l 6o. NI0
3. DT 32. NRC 61. N11
4. N.um~sp 2*33. IMAAX 62. GAI.4AA

2*5.- NFRELP 34. imAxA 613. - TOM,
2-x6. NDUDMP7 2x-35.- J11X 64. 12ormu
2*7. ICSTOP 36. .flAxA *65.- SN

8. PIDY 37'. I•VIAX 66. TOPMV

9. TOPM 38- !IAiXA *67.- PRY BOT
10. RTMU 39. B30'4 -x63. PnRfiop

*11. S TKI. 40, yjmv *69. PRxRT

2*12. N1AREZ 41. NUI~ *70. CYCPH3
13. ETH ý-42. CZERO *71. 'qEZFCT

14. uNl4 2*43. NUMSCA *72. TARGI
*15. RHINIT *44. PRLIM *73.- PROMU
*16. P.Roji *45. REDELT 74. BBOUND

17. UN17 *46. PRFACT *75.- EVAP
18. )a4Ax 2*47. Ii1 76. ECK
19. NZ 2*48. 12 77.- NTErYCL
20. DiRm 2*49. IPCYCL 78. 11
*21. MA4~ 1*R 50. TSTOP 79. TJ

22. UjVIAX *51. RHOGFIL 80. It.p
23. UN23 *52. TARGV *81. Y2

*24. DmP1 53- N3 82. EZPH1
2*25. JSTIR 2x-54. ivARDY 2*83. XVARDX

26. JYTNA 55. VT 84., T
*27. CVIS 2*56. 1,16 2')`8 5. - NIM.AX
*28. STK2 57. RTM 86. FIM'.IN

*29. STPEZ 58. PT, Nv 2*87. INTER

* X-User- supplied, in-put-values. 1*- vust have a "I" in colunmn 1.
2* Must have a "2" in colurrn 1. R Must be inclurded in a restart input

input doeck.
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*88". TAYBOYL' 122. ESES X-13153• PK(3): When -.. ,

"*89, TA"YTOP X123. ESALPH program will restart
"*9. from ',-pc and do a

* 90. IEMAP *124. ESBETk "long" EDIT print of

91. MC *125. ESCAPB the pickup cycle.
When = -2., p.rogram"<92. mR 126. imut• will restLait fr'oin

93127. SSI tape and do a "short"
127 M EDIT print of the

9k. MB 128. SS2 pickup cycle.

95. REZ 129. U14IN *162. Radius of sphere

2*96. NODM4P *130. ss4 (PkDIUS).

97. IN97 131. PRTIM *163. Y-center of
sphere (YCENER).

98. UN98 132. EOR 1*164. When Z(164) > 0.

99. UN99 133. EOT CARDS will be

*100. EVAP14(iMiOSPH) 134. EOB called by SETUP
to read "special"

*101. EVAPEN(SIESPH) 135. EMOR input. (See "OIL,

*102, EVAPMU(VINSPH) *136. DXF RPM Input for
Special Setup"

"*103. EVAPMv(RH00UT) *137• DYF on page 23.)

"104. EZPH2 *138. RHIMIN

105. SNL *139. STAB

106. sTL 140. XIENRG

"*107. TA)JRT 141. XYENRG

108. iDNVAP 142. XT•ENRG

109. I pRNAjP 143. S`'I

*110. R)EPS *lh4. DTTMIN

*111. RHIN'I 145. TRNSFC

*112. VINI 146. FY0T

"*113. FINAL 2*147. JPROJ

114. IVMAP 148. C'MAur

*115. RHUZ *149. BBAR

"116. ESA t*150. M4OB = 0 (WeIc card cf input unless*117. ESAZ restarting froM tape. )
*118. £53Z PK array follows the Z array In Blank

Coron; -o PK(l) from the beginning of
7'119. ESCAPA Blank Cornnon is equivalent to Z(151).

*120. ESESP i 5 h1 . PK(1) should be the same as PROB.

*121. ESESQ *R152. Cycle to restart on.
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AIPTENDIX B__

VARIABLES USED FOR~ FLUXvES A CROSS CETI, BOUNDARIES

vhss Friergy

AI-PY DELET

-AI."c (J) >At.24P SIGC(J) -- ' DELER

Radial. NMomentunl Axial Momnentumn

A A
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